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APS Reports

NEWLY ELECTED FELLOW

Walter E. Massey

Citation. For his excellence in the adminissration of major
scientific organizations and for the development of inno-
vative ways to convey the excitement of physics to stu-
dents and the general public.

“STEP” TRAVEL GRANTS TO HELP FOREIGN
(RADUATE S. JDENTS ATTEND APS MEETINGS

APS is again participating in the 1991 “Short Term En-
richment Program” (STEP} of the Office of Student Sup-
port Services of the U.S. Information Agency. This pro-
gram, which is administered through the Institute of In-
ternational Education, provides awards to foreign gradu-
ate students studying in the United States to help defray
part of their travel expenses to attend professional meet-
ings. The maximum permissible award to an individual
student is $300, but because the demand so much exceeds
the available funds, awards are likely to be substantially
smaller.

IN 1991 THE MAXIMUM NUMBER OF AWARDS TO
ANY ONE MEETING THAT WILL BE MADE TO
STUDENTS AT ANY ONE INSTITUTION WILL BE
ASFOLLOWS:

NUMBER OF PHYSICS MAXIMUM NUMBER

GRADUATE STUDENTS OF AWARDS
LESS THAN 50 1
51-100 2
MORE THAN 100 3

APS “STEP” AWARDS MAY BE AVAILABLE FOR
THE FOLLOWING 1991 MEETINGS -

General Meetings: San Antonio, TX, 21-24 January
1991; Cincinnati, OH, 18-22 March 1991; Washington,
DC, 22-25 April 1991.

Divisional Meectings: Nuclear Physics, Urbana, IL, 25-27
October 1990; Plasma Physics, Cincinnati, OH, 12-16 No-
vember 1990; Fluid Dynamics Physics, East Lansing, MI,
18-20 November 1990.

To be eligible for a STEP award, an applicant must be a
foreiga full-time graduate student at a U.S. institute of
higher iearning who has not received a STEP grant previ-
ously. Students with refugee, immigrant, or tourist visa
status are not eligible. University assiatants aie normally
eligible, but U.S. Government employees, and those hav-
ing U.S. Government fellowship or travel grants are not.

Applicants should submit a letter stating their need for
travel funds, their nationality and visa category, and
affirming their status as full-time graduate students in the
U.S,; a letter of nomination from their department head;
and a copy of the abstract of the contributed paper to be
presented at the meeting. While the deadlines for STEP
applications for each meeting are the same as the dead-
lines for the receipt of abstracts for publication in the Bul-
letin of the American Physical Society, these two submis-
sions should be made separately. The complete STEP ap-
plication should be sent to:

STEP Travel Grant Program
The American Physical Society
335 East 45th Street

New York, NY 10017

Highlights of What’s New

WHAT'S NEW is a weekly electronic communication to
members of the American Physical Society. Its purposeis
to provide an “‘early warning” of government policy issues
that affect the health of physics. The approach is frankly
editorial. It can be accessed without charge by any
member. All that is needed is a terminal and 2 modem.

ACCESS INSTRUCTIONS. Just dial the local Telenet
number and follow these instructions. {I} At the
CONNECT prompt, hit the return key twice, {2) at the
TERMINAL - prompt, hit the return key, (3) at the @
prompt, type TELEMAIL, and hit the return key, 4, for
USERNAME, type GMEMBER, and hit the retura key,
{5) for PASSWORD, type .APS692, and hit the return key.
After the current “What's New™ page appears on the ter

minal, the user will automatically be disconnected from
Telemail.

Highlights edited by Robert L. Park

(18 May 90)

Last Year Yeu Learned to Spell “Sequestration.” This
year it could cat your lunch. A four-month sequestration
took 1.5% across the board last year. Coupled with a
0.43% tax to support the war on drugs, it created some
havoc among science programs. This year, private esti-
mates of the sequestration required to tahe care of the pro-
jected deficit range from a White House figure of 18.3% to
a paralyzing 23.8% estimate on Capital Hill—and the
numbers keep rising as revenues lag. If the thought of cut-
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ting appropriations, which aren’t doing tou well anyway,
by nearly vne-fourth alarms you just hupe that it doces the
same to the negotiators at the budget summit. So far, the
two sides seem to be playing a game of chicken.

(25 May 90)

Darman Hopes to Exempt NASA'’s Huge Increase from
Gramm-Rudman. According tu . duiativn Wedh, the OMB
Director wants NASA left out of negotiations at the bud-
get summit. That would increase the burden on everyone
else, particularly NSF, which comes under the same ap-
propriations subcommittee. The President’s request for a
24¢¢ increase in NASA's budget, most of which is target-
ed for the manned space station, was apparently intended
to create a welfare program for the aerospace industry,
which faces big defense cuts. In Senate testimony last
week, Fred Spilhaus of the American Geophysical Union
said he knew of no scientific society prepared to justify
space station Freedom. Don’t look at us.

(25 May 90)

At What Point Does Foolish Science Become Blatant
Misconduct? Perhaps wiien a lawyer is hired to intimi-
date critics into withholding contradictory evidence. In
an article in Nature on 29 Mar 90, ten scientists at the
University of Utah who were allowed to monitor cold
fusion cells in Pons's laboratory repurted that uver a five-
week period last year they found no fusion emissions.
Each coauthor has since received a demand frora Pons's
lawyer that the article be retracted or they will face | ;al
action. And it gets ugler. The Salt LaA: City Tribu: ¢ re-
ports that the lawyer has been paid more than $50,000
dollars by the University of Utah for legal work related to
cold fusion (S6.,000 to date). The stunned coauthors say
they undertook the monitoring at the behest of the Uni-
versity. There are reports that scientists involved in assay-
ing the Utah cathodes for helium and at least one journal-
ist have also been threatened with legal action. This chal-
lenge to free academic inquiry raises serious questions
about the resolve of University of Utah officials to police
academic misconduct.

(1 Jun 90)

N. Richard Werthamer Has Been Named to Succeed Wil-
liam Havens, Jr., who will retire 1n January as Executive
Secretary of the American Physial Society after 23 years.
Werthamer graduated summa cum laude from Harvard in
1956 and received his Ph.D. 1in Physies from the Universi-
ty of California, Berkeley, in 1961. He joined Bell Labora-
tories in 1962, where he was a central figure 1n developing
the theory of quantum crystals of solid hehum. He be-
came the first APS Fellow to the U.S. Congress in 1973
and has since held a number of positions in technical
management. He is a Fellow of the Society and served on
the APS Council and the Panel on Public Affairs. Over
the neat seven months he will work with Havens to ensure
a smooth transition. Today is his first day.

(1 Jun 90
A Reorganized Education Program at NSF Leaves
Shakhashiri Out. NSF Director Enich Blulh tuday an

nounced a new Directorate for Education and Human
Resvurces with responsibility for managing education and
minority programs. Luther Williams, the architect of the
reorganization plan, will head the new Directorate. He is
former President of Atlanta University. As head of the
education directorate, Bassam Shakhashiri was the second
most visible personality at NSF. He can’t be fired, but it
was suggested to him that he might want to return to
Wisconsin. Despite this lame-duck status, Bloch is
thought to be planning further purges.

(1 Jun 90)

A West German Court Has Dismissed the Gordon-and-
Breach Suit against the APS and AIP (WN 9 Mar 90).
The suit charged that an article comparing cost
cffectiveness of physics journals was in fact comparative
advertising, which is not permitted in Germany.

{8 Jun 90)

The Electric and Magnetic Field Rescarch and Informa-
tion Act of 1990 (H.R.4801) has been introduced by Rep.
Frank Pallone (D-NJ.. The bill would authorize $34M
over the next five years to. (1) research health effects of ex-
posure to electric and magnetic fields, «2) find ways to
reduce the exposure, and (3, inform the public about what
15 learned. What scientist would oppose a bill that calls
for additional research and an informed public? Much of
what the bill calls for, however, is already underway. Last
September, the National Cancer Institute undertook a
four-year large-scale epidemiological study to look for any
possible link between electromagnetic fields and acute
Iymphocytic leukemia. Manufacturers, meanwhile, are
happily selling “low-field™ electric blankets and video ter-
minals to worried consumers.

(8 Jun 90)

CUtah President Chase Peterson Is Getting It from All
Sides. Following disclosure that the source of an
“anonymous donation™ of $5M to the University's. Na-
tional Cold Fusion Institute was the University of Utah it-
self (WN 1 Jun 90), the Academic Senate passed a resolu-
tion on Monday calling on the Board of Regents to exam-
ine whether “continuation in office of the current
president is in the best interest of the University and the
community it serves.” In other action, the Fusion-Energy
Advisory Panel, which oversees the state’s S5M invest-
ment in cold fusion, met yesterday and called for a finan-
cial and scientific audit of the program by 20 Aug. No one
at the University has ever had a look at Pons’s data. If
that wasn't cnough, Peterson himself reportedly received
onc of the legal threats from Pons’s lawyer (WN 25 May
90).

(8 Jun 90)

Tritium Contamination of the Palladium Used in
Cathodes has been identified as the source of some of the
persistent “Elvis sightings™ that have kept the spark of
hope alive in the breasts of cold fusion loyalists. Kevin
Wolf, a Texas A&M physicist who has reported small
amounts of trittum 1n cold fusion cclls, has traced the ori-
gin to a single supplier of palladium. The same palladium
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was used at Lus Alamos and in the Chemistry Department
at A&M by John Buchris. The contaminated palladium
doues not explain the uecasional large tritiam bursts report-
ed by Buchris, but the source of that tritium is expected to
be revealed suun. Be patient, the lung night of cold fusion
is almost at an end.

(15 Jun 90)

Utah Faculty Are Reclaiming the University from the
Hucksters. On Monday, President Chase Peterson,
responding to a vote of no confidence by the faculty sen-
ate, announced his early retirement. The following day,
the Vice President for Academic Affairs issued a state-
ment affirming the University’s “‘absolute adherence to the
principles of academic freedom and free scientific -
quiry,” and outlining the steps being taken to resolve the
issues raised by the attempts of a lawyer to intimidate
faculty into recanting findings that contradicted cold
fusion claims (WN 25 May 90). The University has
severed all connection with the lawyer, a boyhood friend
of Pons, and affirmed 1ts obligation to defend its faculty
from legal attack. The University has also agreed to a
financial audit of the cold fusion effort and to a full
scientific review.

(15 Jun 90)

And at Texas A&, the Word “Fraud” Is Finally Out in
the Open. In an ar":le in today’s Science, stories that
hasve been circulating for months were made public. The
article stops just short of pointing a finger, but a strong
circumstantial case is made that cold fusion ceils in the
Chemistry Department at A&M were deliberately spiked
with tritium. The A&M administration, which has stead-
fastly refused to investigate, has now responded by criti-
< «ing Science for airing the controversy. With the tritium
reports impeached, there is not much left of cold fusion
claims but a couple of labs that can’t scem to get
«alorimetry straight  But stay tuned, the tragivomic story
of the double-blind, round-robin helium assay of Pons's
«athodes is yet to come out. ‘Erratum. Last week, BWhat'’s
New identified Kevin Wolf as a physicist, Wolf is a Fellow
of the APS, but he is in chemistry.)

{11 Jun 90)

Sen. Danforth (R-MOQO) Is Again Leading the Fight
Against Porh. Thursday, the Senate Rules Committee
held hearings un a Danforth resolution to establish a puint
uf urder against carmarking rescarch funds for designated
institutions without competition. A similar rule in the

Armed Services Committee already blocks the earmarking
of Defense funds. The Danforth resolution would expand
the anti-earmarhing fight to cover the entire Federal
Government. Unfortunately, Sen. Ford (D-KY), who
chairs the Rules Committee, opposes any restriction on
earmarking on the grounds that merit review is an “old
boy network” that unfairly favors a few major institutions.
Ford is unlikely to permit the resotution to come up for a
vote. A bill introduced by Danforth with Sam Nunn (D-
GA) and Terry Sanford (D-NC) calls for the Comptroller
General to review the effectiveness and fairness of agency
policies and procedures for distributing Federal funds, but
Ford is likely to bottle up that as well. The American
Physical Society submitted a statement deploring the
funding of scientific projects that have not been subjected
to the normal process of proposal submission and expert
review.

(22 Jun 90)

A Criminal Investigator in the NSF Inspector General’s
Office is a sign of the times. In fact, a year ago the NSF
didn’t even have an IG Office. The second Semiannual
Report to Congress by the IG concerns mostly misuse of
funds and sloppy record keeping of a generally minor sort,
but now a criminal investigator with a background in
*“economic crime” has been hired who presumably will be
stalking bigger prey. The Office has begun a survey of
journal editors in an attempt to ascertain the frequency of
misconduct imvolving fabrication, falsification, and pla-
giarism in reporting research results. The initial con-
clusion is that editors see very few cases of misconduct
and do not keep very good records of them in any case.
The report invites whistle blowers to come forward.

(29 Jun 90)

Fang Lizhi, the Dissident Chinese Astrophysicist, Left
China this week along with his wife, physicist Li Shuxian,
after a year of sanctuary in the American Embassy in Bei-
jing. On Tuesday, they arrived in Britain, where Fang will
assume a position at Cambridge University. Last month,
the American Physical Society joined with other groups to
urge Fang’s release (WN 25 May 90). China iasists the de-
cision to permit Fang to leave is consistent with its policy
of leniency toward leaders of the democracy movement,
but most experts connect the action to severe econcmic
problems caused by an end to tourism and the drying up of
foreign loans since the Tiananmen Square massacre. As if
to prove they still know how to deal with troublemakers,
the National People’s Congress this week adopted a tough
law banning flag burning.

Invitation to Name Candidates for Prizes and Awards

The following prizes and awards will
be bestowed at the Generai Mectings
of the Sudicty in 1991, although
sumc will be available fus bestowalin

Vol. 35, No. 8 (1990)

the I=28er part of 1990. Members are
invited to nominate candidates to
the respective committees charged
with the pnvilege of recommending

the prize winners, or, in the casc of
the Hemneman Prize, selecting the
winners. Addresses of the Prize
Committee Chairpersons to whom
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MARCH MEETING HOUSING FORM

1991 MARCH MEETING OF THE AMERICAN PHYSICAL SOCIETY
17-21 March 1991
Cincinnati, Ohio

1. Complete all information requested and mail form to APS-91 Housing Bureau by 22 February 1991.
NO PHONE RESERVATIONS WILL BE ACCEPTED.

. An Acknowledgment of yovur reservation assignmeat will be sent by the Housing Burcau within a 2-week peried.
Chelk the a.hnusnledgment immediately o be sure all mformation 1s correct. The achnowledgment will be followed by

the actual corfirmation from the hotel.

3. Rvoms are held cnti! 6 p.m. on arnval date unless guaranteed for late armsal. Reservations may be guaranteed by
supplying maor redit card anfurmation on this form or by sending a one-night deposit directly to the hotel after
confirmation is received from the hotel.

4. All changes and cancellations should be made in wnting directly with the Housing Burcau. The phoue number of the
Housing Bureau is 513 621 2119. This number should be used only for last-minute changes or cancel'adons. Changes
will be on an availability basis after the 22 February 1991 cut-off date.

. Number all hotels in order of preference. Room assignments are made on first-come, firsi-serve basis.

. In the event that all hutels histed are suld vut, the Housing Bureau will secure hotel rooms at the neat closest asailable
hotel.

(-2 ¥ 1}

* DO NOT MAIL FORM TG AMERICAN PHYSICAL SOCIETY OFFICE IN NEW YORK *

HOTELS & RATES (Number all hotels in order of preference.)

Single Double Dbl /Dbl Triple Quad
1 bed 1 bed 2 beds 2 beds 2 beds
I person 2 persons 2 persons 3 persons 4 persons
——— Hyatt Regency (HQ) $86.00 $103.00 $103.00 $118.00 $118.00
Clarion Hotel $80.00 $98.00 $98.00 $116.00 $134.00
Terrace Hilton $78.00 $87.00 $130.00 (Jr. Suite)
. Westin $93.00 $99.00 $99.00 $124.00 $149.00
—— Omni Netherland $82.00 $92.00 §92.00 $112.00 SI32.0

Plaza

% Suite Rates Available upon Request from Bureau #

Indicate type of room requested: Single Double Dbl/Dbl Triple Quad ____
Arrival Date: _______ Time: ______  Guarantee late arrival: yes no
Departure Date: . Guarantee to:
type of major credit card expiration dztc

credit card number signafure
Name of Occupants (Bracket names sharing rocm)
Person to whom confirmation should be mailed:
Name:
Afiiliation:
Address:
City: State: Zip:

Phone Number: ( 4

Complete and mail form to. APS-91 Housing Bureau, 300 West Sixth Street, Cincinnati, OH 45202
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MARCH MEETING PREREGISTRATION FORM M

MARCH MEETING OF THE AMERICAN PHYSICAL SOCIETY
18-22 March 1991
Cincinnati, OH

This form must be received by 22 February 1991
Please print or type:

Name:
APS Membership Number:
Affiliation:
Address:
City: State: Zip:

Daytime Telephone Number:

I am planning to present a paper at this meeting. Yes No  (Circle ene)

Preregistration Fees: Circle One ALL WEEK ONE DAY
Circle One
Member S140.00 $7000 MTWThF)
Unemployed Member 25.00 25.00
Retired Member 25.00 25.00
Graduate Student Member 25.00 25.00
Nonmember 250.00 12000 (M T W Th Fi

APS Half Day Tuturials ‘Pleasc nute that the lLtles asc abbioviated. Four additivnal information, sec March Mecting Announce-
ment.) Circle choices:

Computational Advances (S60) - Methods and Applications (560}
Ultrafast Physics {560) Synchrotron Radiation $60)
Space Groups {560) Challenges in Electronics  (360)
Applications/Liquid Crystals (S60) Elecironic Structure ($60)

DHPP Two-Day Shurt Course  *Polymer Surfaces and Interfaces.” (See Divisional Announcement for descniplion., 15250)

COMPANIONS PROGRAM
{Please note. Tours may be cancelled at the discretion of the operator. See announcement for details.)

. ©3539.00 Highlight Tour-Riverboat (3/18) G 534.00 Kentucky Horse Park
& $31.00 Historic Lebanon, OH (3/19)

Payment can be made sia chelk, muney vrder, ot coedit card .Amencan Express, Visa, or MasterCard ONLY .. Checks must be i
US. funds drawr. on 2 US. bank. Your payment must accompany this form or it will be retumned to you.

L:AMERICAS MASTERCARD VISA l CREDIT CARD MNUMBER EXPIRATION DATE ; ALTHORIZED SIGNATURE
EXPRESS 1

Please note that the corresponding fees 2t the registration d=sh on-site ate as follons. ALL WEEK. Member-3160, Non-
member $240, Unemployed or Retired Member 825, Graduate Student Afembes-$25, ONE DAY. Member-5%0, Noa-
member S120. Nonmembers du nutl quaiify fur a prescgisttation discuunt. Graduate student members tegistening on-siic must
present student ID.

PREREGISTRATIONS RECEIVED AFTER THE 22 FEBRUARY 1991 DEADLINE WILL NOT BE PROCESSED AND
WILL BE RETURNED TO THE SENDER. PREREGISTRATION FORMS THAT ARRIVE WITHOLT PAYMENT, OR
PAYMENT THAT ARRIVES WITHOUT THE PREREGISTRATION FORM, ALSO WILL BE RETURNED TO THE
SENDER.

Send this form and your payment to: The American Physical Secicty

March Mecting Preregistration

335 East 45th Street

New York, NY 10017
Hotel resenvativns ate handled scparately. WE ARE NOT RESPONSIBLE FOR HOUSING FORMS THAT ARE SENT TO
THIS OFFICE.

REFUNDS OR ADJUSTMENTS WILL BE GIVEN IF THE REQUEST IS SUBMITTED IN WRITING AND ARRIVES IN
THE APS OFFICE BY 8 MARCH 1991. AFTER THAT DATE. THEY MAY BE OBTAINED AT THE DISCRETION OF
THE APS EXECUTIVE SECRETARY.
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A DELIA

We LoveTo Fly And It Showss..

DELTA AIRLINES SPECIAL DISCOUNT RATES
FOR THE 1991 MARCH MEETING OF

THE AMERICAN PHYSICAL SOCIETY
18-22 MARCH 1991
CINCINNATI, OH

Account Number - H0O441

Delta Airlines is offering the atiendees to the 1991 March Meeting of The American Physical
Society SPECIAL DISCOUNT RATES to attend the upcoming meeting in Cincinnati, OH.
These rates are available through Delta Airlines as the official airline for the 1991 March Meet-
ing. They are offering the following discounts to our attendees: '

40% Off Regular Coach Fare
5% Off Any Restricted Fare

To get these discounts, you need to use the following account number when booking your.
flight:

H0441

These rates are subject to the advance purchase requirements of Delta Airlines, so book your
flight soon. These rates also are subject to the following restrictions:

—No Stayovers between *he meeting site and your destination, or departure city.

—These offers are good only for travel to and from the March Meeting, from 14 Marcl.
~ 1991 to 25 March 19¢1.

—These offers are.good only for travel within the continental United States.

Please call this toll-free number 1-800-241-6760 between 8:00 A.M. and 8:00 P.M. Eastern
Time. i

Don't forget—you must use the account number (H0441) to procure these special discounts.
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nominations should be sent are given
below.

AWARDS

1991 SHOCK COMPRESSION
SCIENCE AWARD

Sponsored by Friends of the Topical
Group on Shock Compression of
Condensed Matter Physics.

Purposc. To recognize contributions
to understanding condensed matter
and nonlinear physics through shock

compression.

Nature: This award, to be presented
biennially, consists of a plaque citing
the accomplishments of the reci-
pient, an allowance for travel to the
meeting at which it is given, and a
cash award of $2000.

Establishment and Support. The
award was established in 1987 by the
Friends of the Topical Group on
Shock Compression of Condensed
Matter Physics.

Rules and Eligibility: All members
of the scientific community are eligi-
ble for-nomination. A single award
normally will be given to no more
than one individual aad will be
presented at the biennial Topical
Conference.

Send name of proposed candidate
and supporting information to Mal-
com F. Nicol, Department of Chem-
istry and Biochemistry, University
of California, Los Angeles, Califor-
nia 90024-1569, to arrive before 1
February 1991.

Recipients of Prizes and Awards
of the American Physical Society

1990 AWARD FOR EXCELLENCE
IN PLASMA RESEARCH

Dr. E. Michael Campbell of
Lawrence Livermore National Labo-
-ratory, Dr. Peter L. Hagelstein of
Massachusetts Institute of Technolo-
gy, Dr. Dennis L. Matthews of
Lawrence Livermore National Labo-
ratory, Dr. Mordecai D. Rosen of
Lawrence Livermore National Labo-
ratory, and Dr. Szymon Suckewer of
Princeton University have been
named the recipient. of the 1990
Award for Excellence in Plasma
Research. The award will be
presented at the annual meeting of
The America Physical Society's
Division of Plasma Physics, 12-16
November 1990, in Cincinnati, Ohio.
The citation reads, *“For the first lab-
oratory demonstration of a soft X-
Ray Laser, achieved through
pioneering laser target design,

theoretical modeling of the states of
highly ionized atoms in laser-
produced plasmas, and novel spec-
troscopic diagnostics of such plas-
mas.”

1990 JAMES CLERK MAXWELL
PRIZE IN PLASMA PHYSICS

Dr. William L. Kruer of Lawrence
Livermore National Laboratory has
been awarded the 1990 James Clerk
Maxwell Prize in Plasma Physics.
The prize will be bestowed at the an-
nual meeting of The American Phys-
ical Society's Division of Plasma
Physics, 12-16 November 1990, in
Cincinnati, Ohio. The citation
reads, “For outstanding and seminal
contributions to the theoretical and
experimental understanding of the
interaction of intense electromagnet-
ic waves with plasmas and for

numerous contributions to the un-
derstanding of basic plasma phe-
nomena via numerical simulation.”

THE 1990 SIMON RAMO AWARD

Dr. Margaret Murnane has been
named recipient of the 1990 Simon
Ramo Award for Outstanding Doc-
toral Thesis Research in Plasma
Physics, sponsored by TRW and the
American Physical Society’s
Division of Plasma Physics. The
award will be presented at the
Division of Plasma Physics annual
meeting, 12-16 November 1990, in
Cincinnati, Ohio. The citation
reads, “For all aspects of a bench-
mark experiment opening up the
new field of high-density, high-
temperature plasmas created by ul-
trashort laser pulses.”

Announcements of General Meetings

1991 MARCH MEETING OF THE
AMERICAN PHYSICAL SOCIETY
18-22 March 1991

Cincinnati, Ohio

The 1991 March Meeting of The
American Physical Society will be

Vol. 35, No. 8 (1990)

held in Cincinnati, OH, 18-22
March 1991. The Hyatt Regency
Cincinnati Hotel has been designat-
ed the headquarters hotel, although
most of the technical sessions will be
held just across the street in the Cin-
cinnati Convention Center. Sleeping

1601

rooms will be provided by the Hyatt
Regency, the Clarion Hotel, the Ter-
race Hilton Hotel, the Westin Hotel,
and the Omni Netherland Plaza
Hotel. The housing form is on page
1598. The deadline for housing and
preregistration is 22 February 1991.
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HOTEL RESERVATIONS FORM

THIRTY-SECOND ANNUAL MEETING
AMERICAN PHYSICAL SOCIETY-DIVISION OF PLASMA PHYSICS
12-16 November 1990; Cincinnati, OH .

1 Complete all information requested and mail form to APS Housing Bureau by October 19.
NO PHONE RESERVATIONS WILL BE ACCEPTED.

2. An Acknowledgement of your reservation assignment will be sent by the Housing Bureau within a 2 week
period. Check the acknowledgement immediately to be sure all information is correct. The acknowlegement will
be followed by the actual confirmation from the hotel.

3. Rooms are held until 6 p.m. on arrival date unless guaranteed for late arrival. Reservations may be guaranteed
by supplying major credit card information on this form or by sending a one nights deposit directly to e
hotel after confirmation is received from the hotel.

4. All changes and cancellations should be made directly with the Housing Bureau in writing. The phone number
for the Housing Bureau is 513/621-2119. This number should be used only for last minute changes or cancels.
5, Number all hotels in numerical order of preference. Room assignments are made on first-come, first serve basis.
6. In the event that all hotels listed are sold out, the Housing Bureau will secure hotel rooms at the next closest
available hotel.
* DO NOT MAIL FORM TO AMERICAN PHYSICAL SOCIETY OFFICE IN NEW YORK *

HOTEL & RATES (Number all hotels in order of preference.)

Single Double Dbl/Dbl Triple © Quad

1bed 1bed 2beds 2beds Zbeds

1 person 2 persons 2 persons 3 persons 4 persons
e HYATT REGENCY (HQ) $86.00 $99.00 $99.00 $114.00 $129.00
———CLARION HOTEL $72.00 $86.00 - $86.00 $101.00 $116.00
——— TERRACE HILTON $76.00 $85.00 $130.00 (JR. SUITE)

* SUITE RATES AVAILABLE UPON REQUEST FROM BUREAU *
Indicate type of room requested: .

Single Double Dbl/Dbl Triple Quad
ARRIVAL DATE TIME Guarantee late arrival: ~ yes —— no——
DEPARTURE DATE Guarantee to:
type of major credit card
credit carc number expiration date

NAME OF OCCUPANTS (Bracket names sharing room)

Person to whom confirmation should be mailed:

Name Complete & Mail Form to:
Company
¢ APS Housing Bureau
Address 300 West Sixth Street
Cincinnati, OH 45202
City State Zip
Phone Number ( )
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PREREGISTRATION FORM
Thirty-Second Annual Meeting
American Physical Society—Division of Plasma Physics
12-16 November 1990
Cincinnati, Ohio

This form must be received by 19 October 1990.
Please print or type:
Name:
Affiliation:
Address:
City: State: Zip: Country: .
Preregistration Fees (Circle One):

United States Participants Overseas Participants (Pay On-Site)
Member $ 80.00 Member $ 80.00
Nonmember $120.00 Nonmeinber $120.00
Retired/Unemployed Member $ 20.00 Retired/Unemployed Member $ 20.00
Graduate Student Member $ 20.00 Graduate Student Member $ 20.00

(# of) Banquet Tickets @ $ 20.00 {# of) Banquet Tickets @ $ 20.00

\Note. Overseas preregistration fecs are honored only if we have recerved the form prior to the 19 October 1990 deadline.)

TOURS
(Note. Tours must be paid for to be reserved. This includes overseas participants. Tours may be cancelled at the discretion of
the operator.)

.

Cincinnati Historical Tour (11/12) $33.00 —_ # of Tickets
Shakertown Tour (11/13) $40.00 . # of Tickets
Washington/Kentucky {11/14) $30.00 —_ F# of Tickets

0 AMERICAN{] MASTERCARDU VISA|CREDIT CARD NUMBER EXPIRATION DATE AUTHORIZED SIGNATURE
EXPRESS

Payment can be made via check, money order, or credit card (American Express, Visa, or MasterCard ONLY). Checks must be
in U.S. funds drawn on a U.S. bank. Your payment must accompany this form or it will be returned to you.

Please note that the corresponding fees at the registration desk on-site are as follows. Member, $100, Nonmember, $150, Unem-
ployed or Retired Member, $20; Graduate Student Member, $20. Graduate Student Members registering on-site must present
student ID.

PREREGISTRATIONS RECEIVED AFTER THE 19 OCTOBER 1990 DEADLINE WILL NOT BE PROCESSED, AND
WILL BE RETURNED TO THE SENDER. PREREGISTRATION FORMS THAT ARRIVE WITHOUT PAYMENT, OR
PAYMENT THAT ARRIVES WITHOUT THE PREREGISTRATION FORM, WILL ALSO BE RETURNED TO THE
SENDER.

Send this form and your payment to: The American Physical Society
DPP 90 Meeting Preregistration
335 East 45th Street
Mew York, NY 10017

REFUNDS OR ADJUSTMENTS WILL BE GIVEN IF THE REQUEST IS SUBMITTED IN WRITING, AND ARRIVES IN
THE APS OFFICE BY 2 NOVEMBER 1990. AFTER THAT DATE, THEY MAY BE OBTAINED AT THE DISCRETION
OF THE DIVISION OF PLASMA PHYSICS SECRETARY/TREASURER.
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A DELIA

- WeLove'lo Fly And It Shows..

DELTA AIRLINES SPECIAL DISCOUNT RATES
FOR THE THIRTY-SECOND ANNUAL MEETING
OF THE AMERICAN PHYSICAL SOCIETY’S

DIVISION OF PLASMA PHYSICS
12-16 NOVEMBER 1990
CINCINNATI, OH

‘ Account Number - U0039

Delta Airlines is offering the attendees to The American Physical Society’s Division of Plasma
Physics (DPP) Meeting SPECIAL DISCOUNT RATES to attend the upcoming meeting in Cin-
cinnati, OH. These rates are available through Delta Airlines as the official airline for the
Thirty-Second Annual DPP Meeting. They are offering the following discounts to our atten-
dees:

40% Off Regular Coach Fare
5% Off Any Restricted Fare

To get these discounts, you need to use the following account number when booking your
flight: .

Uo0039

These rates are subject to the advance purchase requirements of Delta Airlines, so book your
flight soon. These rates also are subject to the following restrictions:

—No Stayovers between the meeting site and your destination, or departure city.

—These offers are good only for travel to and from the DPP Meeting, from 8 November
1990 to 19 MNovember 1990.

—These offers are good only for travel within the continental United States.

Please call this toll-free number 1-800-241-6760 between 8:00 A.M. and 8:00 P.M. Eastern
Time.

Don’t forget—you must use the account number (U0039) to procure these special discounts.
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SATELLITE MEETING ROOM RESERVATION FORM

AMERICAN PHYSICAL SOCiXTY—DIVISION OF PLASMA PHYSICS ANNUAL MEETING
12-16 NOVEMBER 1990—CINCINNATI CONVENTION CENTER, CIINCINNATI, OHIO

Please fill out this form completely, and return no later than 19 October.

Name:

Affiliation:

Address:

City: __ State: Zip:

Daytime Phone Number:

Name of Meeting: ___

Meeting Date: Start Time: _________ End Time:
Room Setup: (Theater, conference) Attendance:
Food Service?: Audio Visual Required?:

Name and Address for billing purposes (only if different from information atop this page):

Name:

Address:

Please return this form to:

Mr. Michael Scanlan
APS-DPP 90

335 East 45th Street
New York, NY 10017
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The deadline for the submission of
contributed abstracts for the regular
program is 30 November 1990. All
abstracts should be sent to Dr. W.
W. Havens, Jr., The American Phys-
ical Society, 335 East 45th Street,
New York, NY 10017. Abstracts
must be submitted in triplicate, and
must arrive in this office before 17:00
on 30 November 1990 for inclusion
in the program. As always, the
abstracts must conform to the rules
and guidelines for the submission of
abstracts as published in the Bulletin
(see page 1629).

Only APS members may submit
abstracts of papers to APS meetings.
This year, for the first time, the APS
membership number is requested on
the abstract, for statistical purposes
only. The APS membership number
is on the top line of the mailing label
on every member’s Physics Today
and Bulletin of The American Physi-
cal Society, and all other mailings,
including the dues bill.

Division of High Polymer Physics

The Division of High Polymer Phys-
ics will be meeting in conjunction
with the General Meeting again this
year. Their announcement appears
on page 1611 of the Bulletin. They
will also be sponsoring a two-day
short course, entitled “Polymer Sur-
faces and Interfaces.” A tentative
syllabus can be found on page 1611.

Tutorials

Once again, half-day tutorials are be-
ing offered at the March Meeting.
They are scheduled on the morning
and afternoon of Sunday, 17 March.

A list of subjects and lecturers fol-
lows. The cost of the tutorials in-
cludes a continental breakfast and
coffee, or an afternoon snmack and
coffee. Tutorial times and locations
will be published in subsequent an-
nouncements.

Computational Advances in Con-
densed Matter Physics. John Joan-
nopoulos, MIT.

Ultrafast Physics of Semiconduc-
tors. Daniel S. Chelma, AT&T Bell
Laboratories.

Methods z'md Applications  of
Nanofabrication. Harold G. Craig-
head, Cornell University.

Synchrotron Radiation in the 1990s:
Resonant Scattering Time Resolved
Studies and Imaging, Denis B.
McWhan, Brookhaven National Lab-
oratory.

A Practical Guide to Space Groups
for Solid State Scientists. Gerald
Burns, IBM Thomas J. Watson
Research Center.

Limits and Challenges in Electrou-
ics. R. W. Keyes, IBM Thomas ¢
Watson Research Center.

Science and Applications of Polymer
Dispersed Liquid Crystals. J. W.
Doane, Kent State University.

Electronic Structure in Transition
Metal Oxides. John B. Goodenough,
University of Texas.

Program Notes

In addition to the Ceremonial and
Prize Winners sessions, a total of 76
symposia ace being arranged. Listed
below are the number of invite * =ex-
sions organized by the individual
Divisions, Topical Groups, Commit-

tees, and Forum:

Condensed Matter Physics 40
Applications of Physics 10
Chemical' Physics 7
Instrument & Measurement

Science 4
Biological Physics 4
Material Physics 2
Laser Science 2
Fluid Dynamics 2
International Physics

Group 1
Forum 3
Committee on Education 1

Air Travel to the Meeting

The official airline carrier for the
March Meeting is Delta Airlines.
They are offering attendees a 40%
discount on coach fares and a 5%
discount on restricted fares. For
more information, see the announce-
ment on page 1600.

Exhibit & Placement Center

The American Institute of Physics
will sponsor an Exhibit Show and
Placement Center at the meeting.
The Exhibit will run from Tuesday,
19 March 1991 to Thursday, 21
March 1991. For more information
concerning the exhibit, please con-
tact Mr. Ed Greeley, AIP, Advertis-
ing Division, 335 East 45ti Street,
New York, NY 10017 (212-661-
9404). The Placement Center, where
interviews are arranged between
prospective employees and em-
ployers, will be open Monda,
through Thursday. Further infor-
mation can be obtained from Beverly
Citrynell, Placement Center, AIP,
.. ' .5th Street, New York, NY
017 (212-661-9404),

Announcements of Divisional Meetings

THIRTY-SECOND ANNUAL
MEETING OF THE DIVISION
OF PLASMA PHYSICS
Cincinnati, Ohio

12~16 November 1990

The scientific program will be divid-
ed into nine half-days of review, in-
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vited, and contributed papers. Re-
view papers will be given in a daily
plenary session. Invited papers will
be given each morning and afternoon
at the same time as the contributed
papers.

Conference preregistration «ill offer
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a substantial discount if received be-
fore 19 October 1990.

Accommodations will be at the Hy-
att Regency, Clarion, and Terrace
Hilton. The Hyatt Regency is the
headquarters hotel for this meeting.




Deadline for discounted rates is 19
October 1990.

Program Committee

Noah Hershkowitz,
Chairman (U. Wisconsin)
(608) 263-4970, fax. 262-6707

William Barletta (UCLA)

(213) 206-4541
Abraham Bers (MIT)

(617) 253-4195
Tom Chang (MIT)

(617) 253-7523
Nathanial Fisch (PPPL)

{(609) 243-2643
Thomas Jarboe (U. Wash.)

(206) 534-4333
Glenn Joyer: (NRL)

(202) 767-6785
Michael Manuel (Columbia U.)
’ (212) 854-4455
George Morales (UCLA)

(213) 825-4318
Christof Ritz (U. Texas)

(512) 471-3675
Paul Terry (3J. Wisconsin)

(608) 263-0487
Wolf Seka (U. Rochester)

(716) 275-3815
Lier.y Straus (NYU)

(212) 998-3268
Mary Ann Sweeney (Sandia)

(505) 844-6354

Local Arrangements

Ronald Gilgenbach (U. Michigan)
(313) 763-1261; fax: 763-4540
APS Meetings Department
Michael Scanlan  (212) 682-7341
Late abstracts will not be accepted
because of the deadline for printing
the Bulletin. Abstracts must be
prepared in strict compliance with
the rules of the American Physical
Society, as published in the APS Bul-
letin. Please review these guidelines
carefully before submitting the
abstract. The first author is expected
to present the paper and each contri-
butor can be a first author only once;
additional papers with the same first
author will be assigned tu the suppie-
mentary program. For uniformity,
please use 12-pitch iype in the Pres-
tige Elite typeface if possible. Spac-
ing and capitalization should con-
form to the Bulletin instructions and
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the following information should ap-
pear on the same page as the
abstract: (a) Subject heuding(s); (b)
preference for oral or pster session;
{c) Special requests for placement of
abstracts (e.g., relative to other
abstracts) (no guarantec «an be made
on placement requests), {d) requests
for special audio-visual equipment
(see below); and (e) signature ~f an
author who is an APS member ,. if
no author is a member, the si, 1. ;¢
of a member sponsoring i+ 1 o s
submission.

Registration

A

Preregistration will offer substz. &
savings if the forms on pages . - J
and 1602 are received by the -." .,
before 19 October 1990 Form: re.
ceived after the deadline will be re-
turned.

Fee Schedule

Preregistration
APS Members $80.00
Nonmembers $120.00
Students and Retirees $20.00
Overseas Members $8n.00
Overseas Nonmembers $120.00
On-site Registration
APS Members $100.00
Nonmembers $150.00
Students a:i Retirees §20.00
Overseas M mvers $80.00
Overseas Nonmembers  $120.00

Satellite Meeting Rooms

Reservations for Satellite Meeting
Rooms must be received by the
deadline of 5 Qctober 1990 by Mr.
Michael Scanlan, American Physical
Society, 335 East 45th Street, New
York, NY 10017; telephone: (212)
682-7341. Specify desired date, time,
number of attendees, desired food
service, and method of payment.

Special Audio-Visual Lguipment

Requests for audio-visual equip-
ment, other than overhead projec-
tors and 35-mm slide projectors, as
well as"any audio-visual requests for
poster sessions of meetings must be
received ir writing by Michae: Seun-
lan befos . che deadline of 19 October
1990.
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Ranquet

The conference banquet will be held
on Wednesday evening, 14 No-
vember. Heavily subsidized tickets
can be purchased for $20 by prere-
gistration or at registration on a
space-available basis. The Division
reserves the right to limit the num-
ber of subsidized tickets and all sales
are nonrefundable. Tickets must be
presented for admission at the door
to the banquet room. A no-host
wucktail reception will precede the
uanquet. The banquet program will
include presentation of the Maxwell
Prize, the Excellence in Plasma
Physics Award, the Simon Ramo
Award, and the recognition of new
feiiows. The guest speaker will be
announced in the Bulletin.

Accommodations

Accommodations will be at the Hy-
att Regency (headquarters), Clarion,
and Terrace Hilton. All hotels are
avithin a short walking distance (via
skyways) {from the Cincinnati Con-
vention Center. Room rates have
been discounted .. are given in the
reservation form. Ir arder to obtain
these spevial rates, the hotel reserva-
tion form o1 page 1602 must be re-
ceived by 19 October 1990.

Hotel Single  Double
Hyatt Regency $22 $99
Clarion $72 $86
‘Terrace Hilton $76 585

The Hyatt Regency and the Clarion
aic both locatzd across the street
from the conference center. The
Terrace Hilton is located two blocks
from the conference center. A large
number of restaurants are located
within several blocks of the confer-
ence center; lists will be provided at
registration.

Transportation

The Greater Cinciniua Inernation-
al Airport is located about 12 miles
from the hotel and conference
center. Discounted airfare is avail-
able (see page 1604). Taxi and coach
service are available for the 15-
minute trip to the hotel. Parking is




ACCOMMODATION INFORMATION
43rd Annual Meeting, Division of Fluid Dynamics
Cornell University
Ithaca, New York
18-20 November 1990

1. STATLER INN 1-800-541-2501 or 607-254-2602
The East Avenue, Ithaca, NY 14853 Single/Double: $95.00 - $108.00
The meeting will be held at the Stader.
Free Airport transportation.
2. RAMADA INM/DIVI 1-607-272-1060
£22 S. Cayuga St., Ithaca 14850 Single/Double: $55.00-$85.00
Free airport transportation
3. BEST WESTERN UNIVERSITY INN 1-607-272-6100
East Hill Plaza . Single/Double: $50.00
Free airport transportation
4. COLLEGETOW"™ MOTOR LODGE 1-800-666-7666 or 607-273-3542
312 College Avenu Single/Double: $59.00-88 .00
5. SHERATON INN 1-607-257-2000
One Sheraton Drive Single/Double: $66.00
Free airport transportation
¢. HOWARD JOHNSON LODGE 1-607-257-1212
2300 N. Triphammer Rd. Single/Double: $50.00-$60.00
7. HOLIDAY INN 1-607-257-3100
2310 N. Triphammer Rd. Single/Double: $60.00-865.00
Free airport transportation
8. ECONO LODGE 1-607-257-1400
2303 N. Triphammer Rd. Single/Double: $38.00-$48.00
9. SUPER 8 MOTEL 1-607-273-5088
400 S. Mcadow St. Single/Double: $36.88-542.88
10. MEADOW COURT MOTEL . 1-607-273-3885
529 S. Meadow St. Single/Doubie: $50.00-$55.00
11. JOURNEY'S END 1-607-272-0100
356 Elmira Rd. Single/Double: $47.88-58.88
12. OWEGO TREADWAY 1-607-687-4500 ’
RT. 17C, Owego, NY 13827 Single/Double: $50.00- $55.00

All rates are subject to a 10% tax. A Bed & Breakfast list is available from the Mceting Secretary.

) . n '-8 ,\__[ W Terpirs Covry AV3oA
For the convenience of conference participants, U3 )
blocks of rooms have beea reserved and special rates *s
arranged at nearby twels and motels. Hotel
accommadations are ne.. included in the conference

fee and are the responsibility of the individual CARE. s P
attendee. It is necessary to indicate that you i ‘g .
are aitending the American Physical B 3 i
Society's Meeting when making reser- ; s
vations. Early booking is advised since most 7
hotels will release any unsold rooms oi October 17, CORNELL
1990, UNIVERSITY o N

. 13 N\ Z' é
Taxi fare from the Ithaca Airport to the hotels is ' L glsE™S ITHACA
approximately $6. Transportation between hotels F U "
and meeting site will be provided during meeting o 2%
hours  Parking is available on Campus on Sunday. 7
razi nisituio packing (86/day) should be available on " o wm s
Monday and Tuesday. 1" 50 N ]

- 13 MILE SCALE
8 12 Owego (20 mi fo Rhaca)
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REGISTRATION FORM

43rd Annual Meeting, Division of Fluid Dynamics
18-20 November 1990
Cornell University
Ithaca, New York

Advance registration is encouraged. Accordingly, a reducad registration fee of $100 for APS members, $140 for
non-members and $65 for students will be charged if preregistration is received on or before 30 September
1990. The regular registration fees are $130, $190 and $85, respectively.

Hotel accommodations and meals are not covered by the registration fee. Refreshment service will be provided
during the meetings.

Check or money order (in US Dollars) made out to: CORNELL UNIVERSITY should be mailed with
registration form to:
) APS/DFD
P. O. Box No. 637
Ithaca, NY 14851

Registration and reservations should be sent in as soon as possible.
cut here mail below

REGISTRATION FORM - 43 Ann. Meeting, Division o Fluid Dynamics, American Physical Society

Name: Date

Affiliation:

Title: Pbone: ()

Address:

I would like to register for the 43rd Annual DFD Conference to be held 18-20 November 1990. I enclose.

Preregistration

On or before

30 September After
Registration Fee (Members) (] sio0 [ ] s130
Registration Fee (Non-Members) . E:] $140 [:j $190
Registration Fee (Students) D $65 ! | 385
Conference Banquet (Monday evening) C] $35

Total Amount Enclosed:

Vol. 35, No. 8 (1990) 1609




available for $8/day in private struc-
tures adjacent to the Hyatt.

Guest Tours

Information is provided on the
preregistration form (page 1603).

Plasma Fusion Show

Commerical exhibits will be on
display in the Conference Center
from Tuesday, 13 November,
through Thursday, 15 November.

FORTY-THIRD ANNUAL
MEETING OF THE DIVISION
OF FLUID DYNAMICS

Ithaca, New York

18-20 November 1990

First Announcement and Call for Papers

The Forty-Third Annual Meeting of
the Division of Fiuid Dynamics will
be hosted by Cornell University.
The organizing, program, and ar-
rangements committees consist of
Professors D. A. Caughey, P. T.
DeBoer, S. Jones, D. L. Koch, S.
Leibovich, J. L. Lumley (Chair), F.
K. Moore, M. S. Nelkin, W. L. Ol-
bricht, S. B. Pope, E. L. Resler, Jr.,
R. N. Sudan, S. F. Shen, Z. Warhaft,
and C. H. K. Williamson.

The meeting will be headquartered
and all scientific sessions held in the
Statler Hotel on the Cornell campus.
Alternate hotels are identified in the
accommodation information form.
Shuttle buses will run between these
hotels and the campus during the
meeting. Please note that the meet-
ing will begin Sunday morning and
end Tuesday evening. A conference
dinner is planned for Monday even-
ing on the Cornell campus.

The scientific program will consist of
invited lectures and contributed pa-
pers. On Sunday afternoon, the
ONR Prize will be received by Pro-
fessor John L. Lumley of Cornell,
the 1990 Otto Laporte Memorial
Lecture will be presented by Profes-
sor Tony Maxworthy, University of
Southern California, and this will be
followed by a reception. During the
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meeting, invited lectures will be
given by D. Bushnell (NASA Lang-
ley), R. J. Donnelly (University of
Oregon), P. G. de Gennes (Ecole
Supérieure de Physique et de
Chimie, Paris), M. Farge (Ecole Nor-
male Supérieure, Paris), E. J.
Hopfinger (University of Grenoble),
L. G. Leal (University of California.
at Santa Barbara), R. S. Lindzen
(M.I.T), S. B. Pope (Cornell), U.
Schumann (DFVLR), and K. R.
Sreenivasan (Yale).

Contributed papers are solicited in
all areas of fluid dynamics. Recent
topics have included general fluid
dynamics, hydrodynamic stability,
boundary layers, transition and tur-
bulence, chaos, jets, wakes, mixing
layers, separated flows, aerodynam-
ics, aeroacoustics, thermal convec-
tion, heat transfer, viscous flows, ro-
tating and stratified flows, geophysi-
cal flows, biofluid dynamics, hy-
personics, magnetohydrodynamics,
compressible flows, non-Newtonian
fluids, quantum fluids, films, com-
bustion, reacting flows, suspensions,
vortex dynamics, multiphase flow,
flow in porous media, computational
fluid dynamics, and experimental
techniques.

Advance registration is encouraged.
Accordingly, a reduced registration
of $100 for APS members, $140 for
nonmembers, and $65 for students
will be charged if preregistration is
received on or before 30 September
1990. The regular registration fees
are $130, $190, and $85, respective-
ly. The banquet is not included in
this fee. The forms for registration
and accommodations are found on
pages 1608 and 1609.

The Eighth Annual Picture Gallery
of Fluid Motion will be held during
the meeting; entries are invited. The
Gallery will include computational
fluid dynamics entries, and entries in
video format. A description of all
entries must be received no later than
30 September 1990. Video equip-
ment is limited, and all video re-
quirements must be discussed with
Mary Helen Cathles at (607) 255-
8010, or by fax at (607) 255-1222 at
the time the entry is submitted.
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The Tompkins County Airport is
served by U.S. Air, TWA, Continen-
tal, and Mohawk. It also is possible
to fly to Syracuse International Air-
port, and take a taxi or rental car to
Ithaca (about 1.25 hours distant).
Binghamton is also a possibility at
about the same distance; Rochester
is about two hours distant by car.
Limousine service and taxi service
are available from the Tompkins
County airport to area hotels (ap-
proximate cost is $6-10) and several
car rental agencies are located at the
airport. Note that this meeting
occurs during Thanksgiving week,
and that there will be heavy student
use of all transportation facilities due
to the long weekend. In addition, on
Saturday, 17 November, Cornell
plays the University of Pennsylvania

at Cornell, and this will probably be

one of our best-attended games.

Significant airline savings are possi-

ble if you stay over Saturday night;
the meeting begins at 9:00 a.m. on
Sunday. At this time of year the
weather in Ithaca is highly variable;
the average high temperature for
this period is 42°F and the low is
28°F.

Questions regarding any aspect of
the conference should be directed to
the conference secretary, Mary
Helen Cathles, at APS/DFD, P.O.
Box 637, Ithaca, NY 14851, or at
(607) 255-8010 or by fax at (607)
255-1222.

Sorting Categories

1. Turbulence
(a) Turbulent Jets )
(b) Turbulent Boundary Layers
(c) Turbulent Wakes
(d) Compressible Mixing Layers
{e) Incompressible Mixing Layers
() Free-Shear Layer Control
(g) Turbulence Simulation
(h) Turbulence Theory
(i) Turbulence Modeling
(i) Turbulent Boundary Layer

Control

{k) Turbulent Convection
(1) Turbulent Mixing

2. Stability
(a) 2D Boundary Layer Stability
(b) 3D Boundary Layer Stability
{c) General Stability




(d) Free-Shear Layer Instabilities
(e) Convective Instabilities
() Rayleigh-Taylor Instability
(g) Taylor-Couette Instabilities
{h) Instabilities of Thin Films
(i) Instabilities of Jets and Wakes
() Control of Boundary Layer
Instabilities
(k) Interfacial Instability
(1) Secondary Instabilities
(m) Compressible Boundary Layer
Instabilities
(n) Richtmeyer-Meshkov Instability
(o) Channel Flow Instabilities
. Reacting Flows——Experiment
. Reacting Flows—Theory and
Modeling
. Computational Fluid Dynamics
. Viscous Flows
. Acoustics
. Geophysical Fluid Dynamics
. Caaos
10. Vortex Dynamics
11. Suspensions
12. Separated Flows
13. Aerodynamics
14. Multiphase Flows
15. Drops and Bubbles
16. Shock Waves, Detonations,
and Deflagrations
17. Experimental Techniques
18. Waves
19. Compressible Flows
20. Rotating Flows
21. Flow in Porous Media
22. Boundary Layer Receptivity
23. Pattern Selection
24. Laminar Flows
25. Surface Tension
26. Graphics and Visualization
27. Hypersonic Flows
28. Buoyancy Driven Flows
29. 3D Vortex Flows
30. Non-Newtonian Flows
31. Materials Processing

W

O 00~ W

32. Particle Laden Flows,
33. Local Disturbances

34. Fractals

35. Hele-Shaw Flow

36. Computational Methods

¢

‘3

1991 REGULAR MEETING
OF THE DIVISION OF HIGH
POLYMER PHYSICS
Cincinnati, Ohio

18-22 March 1991

The 1991 Regular Meeting of the
Division of High Polymer Physics
will once agadin be held jointly with
the General Meeting of the Society,
18-22 March 1991. The meeting
will be held in the Cincinnati Con-
vention Center, and the Hyatt Re-
gency has been designated as the
Headquarters Hotel. Both invited
and contributed papers will be
scheduled. Abstracts of contributed
papers intended for presentation at
sessions of the Division should be
sent (in triplicate) to the program
chairman, Jefirey Koberstein, Insti-
tute of Materials Sgience, U-136,
University of Connecticut, Storrs,
CT 06269-3136, to reach his office by
the deadline of 16 November 1990.
Please note that this date is 1wo
weeks in advance of the deadline for
the receipt of abstracts for the Gen-
eral Meeting of the Society. Contri-
butors are reminded that abstracts
must be prepared in strict accor-
dance with the rules governing the
submission of abtracts, published in
this Bulletin on page 1629. Informa-
tion regarding housing and preregis-
tration can be found in the an-
nouncement of the General Meeting,
on page 1601.

The Division is also sponsoring a
short course, prior to the meeting,
on 16-17 March 1991. The title of
the short course is “Polymer Sur-
faces and Interfaces,” and the $250
cost includes coffee breaks in the
morning and afternoon on both days.
The course is being organized by
Matthew Tirrell, University of Min-
nesota. A tentative syllabus and
lecturers follows.

Introduction and Overview. M. Tir-
rell.

Chemistry of Polymer Surfaces and
Interfaces, T.J. McCarthy, Univer-
sity of Massachusetts.

Physical Structure of Polymer Sur-
faces and Interfaces, T. P. Russell,
IBM and F. S. Bates, University of
Minnesota.

Adsorbed Polymer Layers. M. Tir-
rell.

Theory of Polymer Surfaces and In-
terfaces. G. H. Frederickson, Uni-
versity of California, Santa Barbara.

Applications: Colloidal Stability.

M. Tirrell.

Strength and Adhesion at Interfaces.
H. R. Brown, IBM.

Polymer Interdiffusion and Segrega-
tion, E. J. Kramer, Cornell Univer-
sity.

Microphase Separation in Block
Copolymers. F. S. Bates, University
of Minnesota.

Polymer Dynamics in Adsorption
and Lubrication. S. Granick, Uni-
versity of Illinois.

Announcements of Sectional Meetings

1990 FALL MEETING OF THE
NEW YORK STATE SECTION
Poughkeepsie, New York

19-20 October 1990

The 1990 Fall Meeting of the New
York State Section of the American
Physical Society will be held on Fri-
day and Saturday, 19-20 October
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1990, at the IBM Country Club near
Poughkeepsie, NY.

Friday, 19 October 1990

8:00 Registration.

8:45 Opening. Martin A. Abkowitz,
Chair NYS Section, APS.

Welcome.
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Session 1. Science Applications
of Supercomputers.
A. Goland, presiding

9:00-9:30 J. Davenport, Brook-
haven National Laboratory First
Principles Molecular Dynamics Stud-
ies of Liquid and Solid Sodium.

9:40-10:10 J. Kogut, University of




PREREGISTRATION FORM
Deadline 2 October 1990
1990 Joint Spring Meeting of the Texas Sections of APS and AAPT and SPS Zone 10

9-10 November 1990
College of the Mainland

Texas City, Texas
Name: “ Phone: ()
(for Name Badge) -
Address:
Institutional Affiliation:
{if not given above)
Check if member of: APS AAPT SPS

Do you wish to have your registration fee also include a year’s membership in the Texas
Section of the AAPT? Yes No

=

Preregistration is necessary to obtain tickets for meal functions.

The program will be mailed out to preregistrants prior to the mceting.

Registration Fee: Regular $15.00
Student $ 5.00
Department Chair Breakfast @S 6.00
(Friday morning, 9 November)
Luncheon (Friday noon, 9 November) @s 6.50
Banquet (Friday evening, 9 November) @8$12.00
TOTAL S

Make checks payable to “Texas Section AAPT” and mail to be received by 2 October 1990 to:

John L. Hubisz

College of the Mainland

1200 Amburn Road

Texas City, TX 77591

(409) 938-1211 x325 (after 27 August 1990)

(409) 938-4098 (summer, evenings, and weekends)
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Hhinois. Sunulating Quantum Chro-
modynamics on a Supercomputer.
10:20 Coffee break.

10:50-11:20 S. Broyde, New York
University. DNA Structures and In-
teraction of Carcinogens with DNA.
11:30-12:00 S. Shapiro, Cornell
University. Building Black Holes:
Supercomputer Cinema.

12:10 Lunch.

Session II. Supercomputer—Architecture
and Performance
W. Heller, presiding

2:00-2:30 G. Fox, Syracuse Univer-
sity. Parallel Computing Architec-
ture and Software.

2:40-3:10 J. Caviness, National Sci-
ence Foundation. Nenvorks for
Scientific Computing.

3:20 Coffce break.

3:50-4:20 M. Kalos, Cornell Uni-
versity. Perspectives of Scientific
Computing.

4:30-5:00 W. Wilcke, IBM Re-
search, Yorktown Heights. VIC-
TOR: A Message-Passing Computer.
6:15 Social hour.

7:15 Banquet.

8:15 Public Lecture.

Saturday, 20 October 1990
Session III. Science Applications of

Supercomputers.
D. Awschalom, presiding

9:00-9:30 M. Dupuis, IBM,
Kingston. Supercomputers for Com-
putational Chemistry.

9:40~-10:10 K. Jensen, MIT. Super-
computer Simulation of 3D Fluid
Flow and Materials Processing.

10:20 Coffec break.

10:50-1i:20 R. Wetherald, Geo-
physical Fluid Dynamics Laborato-
ry. Effects of Incrzased Computer
Resviutton nn the Prediction of Chi-
mate Simulation.

11:30~12:00 ... Brown, Cornell Uni-
versity. Seismuc Fxplorudion of the
Continents.

12:10 Adjournment.

Details concerming transportation,
local hotel and/or motel accommo-
dations, mcals, parhing, travel diree-
tions, and registration arc avaiizble
upon request from the local organiz-
ing committce. Please contact: Dr.
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Wiliiam Heller, IBM Data Systems
Division, Department D-18, Build-
ing 705, P.O. Box 390, Poughkeep-
sie, NY 12602. Telephone. [914)
435-6307.

1990 FALL MEETING OF THE
NEW ENGLAND SECTION
New Haven, Connecticut

19-20 October 1990

The 1990 Fall Mecting of the New
England Section of the American
Physical Society will be held Friday
and Saturday, 19-20 October 1990,
at Yale Iniversity, New Haven,
Connecticut. The theme of the ses-
sion on Friday will be “Major
Research Facilities in the Northeast
for the 1990s: The Yale ESTU Tan-
dem Van de Graaff Accelerator and
the MIT/BATES High-Duty Cycle
Electron Accelerator.” The speak-
ers will discuss both the technical de-
tails of these machines and the phys-
ics programs. Potential users of
these facilities from the region will
find much of interest here. A social
hour and banquet will be held on Fri-
day evening.

The theme on Saturday morning will
be “Tests of Discrete Symmetries in
Atomic, Molecular, and Nuclear
Physics.” A talk of a general nature
on symmetries will precede the spe-
cialized talks on these topics. A tour
of the Wright Nuclear Structure
Laboratory at Yale that houses the
22-MV Tandem Van de Graaff Ac
celerator will take place on Saturday
afternoon.

Contributed papers (each lasting 10
min) wili be presented in parallel ses-
sions on Friday afternoon and Satur-
day morning. Two copies of each
abstract should be sent to. Professor
Moshe Gai, NES/APS, Department
of Physics, Yale University, P.O.
Box 6666, New Haven, CT 006511;
telephone  (203)  432-5195, fax
{203) 432-3522, and BITNET
GAIGYALEVM. The deadline for
receipt of abstracts is 5 October 1950.
Authors who wish to have their
abstract published in the Bulletin lin
the standard format} should enclose
a check for $25.00, payable to
NES/APS.
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Details concerning the program,
registration, accommodaticns, travel
information, etc. will be given in
another announcement in the Sep-
tember or October Bulletin, and will
be sent to all members of APS in
New England; they will be available
to others upon request.

The Locai Organizing Chairman is
Professor Frank Firk, Department
of Physics, Yale University, P.O.
Box 6666, New Haven, CT 06511;
telephone (203) 432-3652 or 3650.

1990 FALL MEETING

OF THE OHIO SECTION
Bowling Green, Ohio

2-3 November 1990

The 1990 Fall Meeting of the Ohio
Section of the American Physical So-
ciety will be held 2-3 November at
Bowling Green State University in
Bowling Green, Ohio, hosted by the
Department of Physics and Astrono-
my.

The general theme of the meeting is
“Computational Physics.” Invited
speakers include Dr. Kenneth Wil-
son (Ohio State University), Dr. Da-
vid Landau (University of Georgia),
Dr. Frank Pinski (University of Cin-
cinnati), and Dr. Michael Norman
{University of Hlinois).

On Friday evening there will be a so-
cial hour and banquet, and 2n after-
dinner talk by Dr. John Rigden
{American Institute of Physics)
Afterward, a show will be presented
in the Bowling Green Planetarium,
followed by an astronomical observ-
ing session, if weather permits.

Ten-minute contributed papers in
any area of physics and physics edu-
cation are welcome. In addition to
parallel oral sessions on Saturday
morning, a poster session will be
held on Friday afternoon. Abstracts
following the standard APS format
should be sent to arrive by 19 Oc-
wber to the address below; all
abstracts received by the deadline
will be published in the local pro-
gram. Abstracts accompanied by
the publication fee of $40, made pay-
able to OSAPS/BGSU, will appear
in 2 later issue of the Bulletin of the
American Physical Society.




All APS members in Ohio and ad-
joining states are cordially invited to
attend this meeting. More detailed
information including schedules, ac-
commodations, and registration ma-
terials will be sent to Ohio Section
members in mid-Summer, and will
be available on request from the lo-
cal chairman, Dr. R. I. Boughton,
Department of Physics and Astrono-
my, Bowling Green State University,
Bowling Green, Ohio 43403,
Telephone: 419-372-2421

BITNET:
BOUGHTON1@BGSUOPIE
INTERNET:
boughton @ andy.bgsu.edu

1990 FALL MEETING

OF THE TEXAS SECTION
> Texas City, Texas

9-10 November 1990

The 1990 Fall Meeting of the Texas
Section will be hosted by the College

of the Mainland in Texas City, Tex-
as, on Friday and Saturday, 9-10
November 1990. It is a joint meeting
with the Texas Section of the Ameri-
can Association of Physics Teachers
and Zone 10 of the Society of Phys-
ics Students.

The APS portion of the meeting will
feature invited papers on the fron-
tiers of physics. In addition, contrib-
uted papers in ail areas of physics are
welcome.

Abstracts for invited and contribut-
ed papers in APS sessions should be
prepared in the standard format as
specified on page 1629, and three
copies should be sent to the
Sccretary-Treasurer of the Section:
Dr. David Gavenda, Physics
Department, The University of Tex-
as at Austin, Austin, TX 78712 (tele-
phone: 512-471-3201). The deadline
for receipt of abstracts is 2 Getober

1990. Each abstract which the au-
thor wishes to have published in the
Bulletin should be accompanied by a
check for $15.00- made payable to
“APS Texas Section” to help defray
publication costs.

Besides parallel sessions of .contrib-
uted papers, the Texas Section of
AAPT is organizing several
workshops and invited paper ses-
sions on “Textbooks, Lab Manuals,
and Other Teacher Aids.”

Titles of contributed papers in the
AAPT or SPS sessions should be
sent on forms available from Dr.
John L. Hubisz, Physics Depart-
ment, College of the Mainland, Tex-
as City, TX 77591. Abstracts are not
requried; however, if you wish to
submit an abstract and have it pub-
lished, follow the guidelines given
above. The deadline for receipt of ti-
tles is 2 October 1990.

HOUSING FORM

1990 Annual Meeting of the Southeastern Section

of The American Physical Society
15-17 November 1990

The Holiday Inn Decatur Conference Center is the headquarters hotel for this meeting. All r’ooms are available at the rate of $72
{plus tax) for 14 occupants. Please i: dicate your choice below.

No. of occupants:

2 double beds

or 1 king size bed

-

date of departure:

We accept VISA, MasterCard, American Express,

Discover, Diners Club, and Carte Blanche

smoking nonsmoking date of arrival:
Name:
Address: Credit Card:
City: State: Zip: Number:
Telephone: Signature:

Exp. Date:

A block of rooms has been reserved for SESAPS. Your reservation must be received prior to 13 October 1990 or the rooms will-
e made available to the public and our regular rates will apply. In case of cancellation, please notify our reservation office at the

number listed below.
(Please check)

Guaranteed Arrival-if “no show” you will be billed for the first night.

« Please return this form with your payment to: Holiday Inn Decatur Conference Center

130 Clairemont Avenue
Decatur, GA 30030

Phone: 1-800-225-6079 (Qutside Georgia)

4u4-371-0204 (Georgia only)
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Blocks of rooms have been set aside
at three local motels. Reservations
at the rates quoted must be made be-
fore the date indicated. All prices
are subject to tax if you do not have
the proper documentation to waive
it. The host motel will be Holiday
Inn (409-986-9777, $50.00+$7.00
per additional person, Ref. “AAPT-
APS,” 8 October 1990). Rooms are
also available at Pelican Inns (409-
986-6575, $21.95 single, $23.95 dou-
ble, Ref. “AAPT-APS,” 15 October
1990), and La Quinta Motor Inn
(409-948-3101, $31.00 single, $35.00
double, and $39.00 three or four
persons, Ref. “Reservation slot
#26537,” 21 October 1990).

Additional information on prereg-
istration, meals, and free airport
transportation, along with maps, will
be sent to all Texas Section members
and others requesting it. The pro-
gram will he mailew. vefore the meet-
ing to all those who preregister or
submit papers.

The meeting of the Section Execu-
tive Committee will be held at 19:30
Thursday evening, 8 November
1990, at the host model. For further
information contact Dr. Hubisz at
the address above, or call 409-938-
4098 (evenings and weekends) or
409-938-1211 x325.

2990 ANNUAL MEETING
OF THE SOUTHEASTERN
SECTION

Atlanta, Georgia

15-17 November 1990

The 57th meeting of the Section will
be held in Atlanta, Georgia on 15-17
November 1990. Our hosts will be
the members of the departments of
physics of the four major academic
institutions in Atlanta. The chair-
man of the Local Arrangements
Committee is Professor Edward W.
Thomas of The Georgia Institute of
Technology.

The headquarters hotel will be the
Holiday Inn Decatur Conference
Center. All sessions will be held at
that location. The Center 15 at 130
Clairemont Avenue, Decatur, GA

Vol. 35, No. 8 (1990)

30030. Decatur is a small town
whose origins predate Atlanta itself
but which has now become a suburb
of the city. It is about 8 miles from
downtown Atlanta. It is, however,
almost adjacent to a station of the
excellent Atlant 1pid transit sys-
tem (MARTA) » thus it is only
some minutes anu some cents from
the Atlanta Airport, downtown
Atlanta, and many areas of interest
in Atlanta. There is a special rate of
$72 (plus tax) per room (1 to 4 occu-
pants). Booking must be made using
the form on page 1614, or by calling
the hotel’s number shown on that
form and mentioning your atten-
dance at SESAPS. Hotel reserva-
tions at the reduced rate for rcoms
cannot be arranged through the
Holiday Inn 800 number. The
SESAPS Banquet will be held at the
Center Friday night.

On 13-14 November, immediately
prior to the SESAPS meeting, there
will be held, at the same location, the
Atlanta Conference on the Super-
conducting Supercollider. Details of
the program may be obtained by cal-
ling Dr. William L. Dunn of Quan-
tum Research, Inc. at (919) 544-
4952. Accommodations at that
meeting are restricted and preregis-
tration is essential.

Registration fees will be $15 for
SESAPS or APS members; $25 for
nonmembers; $3 for graduate stu-
dents or retired physicists; and un-
dergraduate students may register
free at the SPS desk. For the first
time at a SESAPS meeting, preregis-
tration is requested. We anticipate
that the combination of the two asso-
ciated meetings, the ACSSC on
13-14 November and SESAPS on
15-17 November, will result in a
rather high demand for hotel room
space, particularly on the night of 14
November. We urge that you make
plans early and respond promptly
with the preregistration form on
page 1616.

Atlanta Is easily reached by car via
Interstates 1-20, I-75, and I-85, and
by almost any airline that flies in the
Southeast. Limousines and taxis, al-
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though not cheap, are available at
the airport. For the economy-
minded, use the MARTA train. To
reach the Holiday Inn Conference
Center, take the train from the sta-
tion in the airport to the central sta-
tion called Five Points. Transfer
there to the East line and get off at
station E6 in Decatur.

Delta Airlines is the Designated Car-
rier for the SESAPS meeting. They
will provide a 40% reduction on
standard coach fares and a 5%
reduction from the lowest published
fare. To make bookings at these
rates you (or your travel representa-
tive) must call Delta at 1-800-241-
6760 and quote file number J21038,
which is in the name of the
Southeastern Section of the Ameri-
can Physical Society (SESAPS).

The deadline for receipt of contrib-
uted paper abstracts in the office of
the Program Chairman was Friday,
31 August 1990. The program chair-
man is Dr. Frank Avignone, Depart-
ment of Physics and Astronomy,
University of South Carolina,
Columbia, SC 29208. All abstracts
of contributed papers must be fur-
nished in quadruplicate and must
follow the APS rules for submission
of abstracts on page 1629. If you
missed that deadline, send in your
abstract before 1 November and it
will be added to the program in the
best place possible.

All reguiar session rooms will have
overhead projectors and blackboard
systems. If you need other audio-
visual aids, including 35mm projec-
tors or 8mm movie projectors, re-
quest them in writing. The best time
and place for such requests is to type
them near the bottom of the page on
your abstract in a place where it will
NOT be photocopied with the
abstract.

Sessions of invited papers on current
physics topics are now being ar-
ranged. General areas of the invited
papers are. high-energy physics; nu-
clear physics, astronomy; atomic,
molecular, and optical physics; con-




PREREGISTRATION FORM

1990 Annual Meeting of the Southeastern Section

Name:

of The American Physical Society
15~17 November 1990

Name for Badge:

Affiliation:

Address:

City:

State: Zip:

Phone:

CONFERENCE FEES:
APS or SESAPS Member
Nonmember

Graduate Student

Retired Physicist
Undergraduate

il

$15
$25
83
$3
free at SPS desk

Tickets for the banquet will be paid for and dispersed at the registration desk.

How many will you need?

Full refunds will be granted upon written request received prior to 13 October 1990 at the address above. Make checks payable to.

TOTAL ENCLOSED: $

Georgia Institute of Technology. SESAPS cannot accept reservations or payment for lodging.

Send this form with payment to: SESAPS

Education Extension R
Georgia Institute of Technology
Atlanta, GA 30322-0385

densed matter physics, and the
teaching of physics. Most of the in-
vited papers will be planned for per-
sons who are not specialists in the
area of the paper.

L. W, Seagondollar, Secretary
Department of Physics

Box 8202

North Carolina State University
Raleigh, NC 27695-8202

1991 SPRING MEETING
OF THE TEXAS SECTION
San Antonio, Texas

21-24 January 1991

The 1991 Spring Meeting of the Tex-
as Section will be held in conjunction
with the last joint winter meeting of
the APS and the AAPT in San An-
tonio, Texas, on 21-24 January 1991.
The officers of the Texas Section

have arranged a series of invited pa-
pers on the frontiers of physics. Sec-
tion members are urged to submit
contributed papers from all areas of
physics to the Executive Secretary of
the Society at the APS headquarters
office in accordance wth instructions
printed in this Bulletin on page 1629.
Please note the early deadline for
submitting abstracts for this meet-
ing: 1 October 1990.

s

Announcements of Topical Conferences

INTERDISCIPLINARY
CONFERENCE ON ELECTRIFIED
INTERFACES

Asilomar, California

16-21 September 1990

A topical conference on the physics
and chemistry of Electrified Iater-
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faces will be held at the Asilomar
Conference Center, Pacific Grove,
California, 16-21 September 1990.
This will be the sixth in a series of in-
terdisciplinary conferences on this
subject begun in Snowmass, Colora-
do, in 1979, and most recently held
in Bologna, Italy, in 1988. The pur-
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pose of this conference will be to
bring together physicists and chem-
ists to discuss theory and in situ and
ex situ experimental techniques for
the study of electrified interfaces.
There will be invited talks and poster
sessions. Ampte time for formal and
informal discussions will be allowed.




The topics to be covered are the
theory of the structure of the
electrified interface, the experimen-
tal characterization of the interface,
redox and interfacial electron
transfer, and colloids. This meeting
is cosponsored jointly by the Ameri-

can Physical Society, the Interna- °

tional Society of Electrochemistry,
and the IBM Corporation. Addi-
tional information is available from:

Douglas Henderson

Owen Melroy

IBM Almaden Research Center
K33/801

650 Harry Road

San Jose, California 95120-6099
Telephone: 408-927-2462
FAX: 408-927-2100

bitnet: DJH4169@ ALMVMC

SEVEMTH INTERNATIONAL
SYMPOSIUM ON CAPTURE
GAMMA-RAY SPECTROSCOPY
AND RELATED TOPICS
Asilomar, Pacific Grove, California
14-19 October 1990

First Bulletin

The Seventh International Symposi-
um on Capture Gamma-Ray Spec-
troscopy and Related Topics will be
held at the Asilomar Conference
Center on the Monterey peninsula in
California on 14-19 October 1990.
This symposium is the seventh in the
series of meetings; previous locations
were Studsvik, Sweden (1969), Pet-
ten, The Netherlands (1974),
Brookhaven, U.S.A. (1978), Greno-
ble, France (1981), Knoxville, U.S.A.
{1984), and Leuven, Belgium (1987).
Primary sponsorship of the symposi-
um is being provided by the
Lawrence L'vermore National Labo-
ratory, U.S. Department of Energy.

The symposium program will con-
tinne the general themes of the ear
lier conferences, with emphasis on
recent experimental and theoretical
developments in low-energy nuclear
physics as determined with relatively
less complex nuclear probes such as
capture reactions. Tcpics to be dis-
cussed during the symposium may
include, but will not be limited to,
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the following:

*nuclear structure (bound states,
states near the nucleon binding ener-
gy, collective and single-particle phe-
nomena, odd-odd nuclei, shape
isomerism);

*nuclear theory (shell model, alge-
braic models, Hartree-Fock-Bogo-
lyubov calculations, microscopic
models of deformed nuclei);

*neutron and proton capture (high-
resolution gamma-ray spectroscopy,
short lifetimes, reaction mecha-
nisms, polarized neutrons);

*statistical properties of nuclear lev-
els (spacing distributions, density
fluctuations, chaotic behavior);

*fundamental physics with neutrons,
neutron and proton resonances, and
photon and neutron strength func-
tions;

*nuclear astrophysics (nucleosyn-
thesis, chronometry, proton cap-
ture);

*new facilities (cold-neutron sources,
neutron guide halls, “Troisieme
Souffle” at the ILL); new instrumen-
tation (multidetector systems—what
role in capture spectroscopy?); new
neutron sources (LANL neutron
sources, Gatchina reactor, U.S. Ad-
vanced Neutron Source);

*applications (activation analysis,
prompt-capture gamma rays).

The program for this five-day sym-
postum will include invited and con-
tributed papers in the form of oral or
poster presentations. Nominations
for the invited talks are being accept-
ed from members of the advisory
committees. Contributed papers are
important to this symposium and
some of these will be selected for oral
presentation. All other accepted
contributions will be presented in
poster sessions. The proceedings of
the conference will be published as a
hardcover book. The conference
language will be English. There will
be no simultaneous translation.

Address inquiries to:
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R. W. Hoff

7th ISCGRSART

Mailstop L-234

Lawrence Liveninore National
Laboratory

Livermore, CA 94550

Phone: 415-422-6664
Fax: 415-422-3160
Bitnet: hoff@ll-winken. linl.gov

FORTY-THIRD GASEOUS
ELECTRONICS CONFERENCE
Urbana-Champaign, Illinois

16-19 October 1990

The Forty-Third Annual Gaseous
Electronics Conference will be held
on 16-19 October 1990, hosted by
the University of Illinois, Urbana, II-
linois. The meeting is a topical
conference of The American Physi-
cal Society and is sponsored by the
Division of Atomic, Molecular, and
Optical Physics.

The Gaseous Electronics Conference
invites papers on basic phenomena
and plasma processes in ionized
gases, and on'the relevant theory and
measurement of basic atomic and
molecular collisional  processes.
Specifically, papers are encouraged
on the roles of such fundamental
processes in electric discharges, arcs,
gas lasers, ion sources, breakdown,
switching, plasma and atmospheric
chemistry, plasma-surface interac-
tions, plasma processing, ionospher-
ic phenomena, and similar topics.
Although most papers will deal with
low-energy processes, papers that
concern electronic or radiative pro-
cesses produced by high-energy elec-
trons or heavy particles are ap-
propriate and are encouraged. To-
pics selected for special emphasis in
1990 include: Lamp modeling and
diagnostics; lasers, physics of high-
power devices; plasma chemistry,
piasma processing, discharge phys-
ics, and surface interactions, novel
experimental techniques for and fun-
damental aspects of electron and
heavy particle collision physics.
Also planned is a sequel to the 1989
workshop on “Cross Sections I Wish
I Knew.”

o




Abstracts on these and related topics
are solicited. The abstracts must
conform to the formatting rules of
the APS and will be published in the
Bulletin. The abstract must briefly
and accurately describe the scientific
work to be presented at the confer-
ence. The Conference Executive
Committee reviews all abstracts to
determine their appropriateness to
the meeting. Some papers are
presented in poster sessions at the re-
quest of authors or the discretion of
the Executive Committee. At the re-
quest of authors willing to meet ad-
ditional constraints, papers will be
considered for a longer presentation
time.

Inquiries should be sent to:

Joseph T. Verdeyen, Secretary

Gaseous Electronics Conference

Department of Electrical and
Computer Engineering

University of Illinois

1406 West Green Street

Urbana, Illinois 61801

Teler -ne: 217-888-2480

SPIE INTERNATIONAL
CONFERENCy.. ON PHYSICAL
CONCEPTS OF MATERIALS

FOR NOVEL CFTOELECTRONIC
DEVICE ATPLICATIONS

Aachen, Feders! Republic of Germany
27 October~Z Noverzber 1990

Conference Chair: Manijeh Ra-
zeghi, Thomson-CSF (France).

Cooperating organizations: German
Physical Society, IEEE Electron De-
vices Society, IEEE Lasers and Elec-
trooptics Society, IEEE Microwave
Theory and Techniques Society, The
Institute of Physics, Rheinisch-
Westfdlische Technmische Hoch-
schule (RWTH) Aachen, VDI/
VDE-Technologiezentrum.

In North America contact:

SPIE

P.0.Box 10

Bellingham, WA 98227-0010
Telephone: 206/676-3290
Telex: 46-7053

Teiefax: 206/647-1445;
Opto-Link: 206/733-2998
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In Europe contact:

SPIE

Lennéstrasse 55

D-5300 Bonn 1

Federal Republic of Germany
Telephone: 49/228-219062
Telex: 181479 specod
Telefax: 49/228-219066

In the Far East, Australia, and New
Zealand contact:

SPIE

¢/0 O.T.O. Research Corporation
Takeuchi Building

1-34-12 Takatanobaba
Shinjuku-ku, Tokyo 160, Japan
Telephone: 03 280 7821

Telex: 2324119 OTORESJ
Telefax: 032007889

THIRTY-FIFTH ANNUAL
CONFERENCE ON MAGNETISM
AND MAGNETIC MATERIALS
San Diego, California

29 October-1 November 1990

The Thirty-Fifth Annual Conference
on Magnetism and Magnetic Materi-
als -will be held at the Town and
Country Hotel, San Diego, Califor-
nia. The conference annually brings
together scientists and engineers in-
terested in recent developments in all
branches of fundamental and applied
magnetism. Emphasis is traditional-
ly placed on experimental and
theoretical research in magnetism,
the properties of synthesis of new
magnetic materials, and advances in
magnetic technology. The program
will *onsist of invited and contribut-
ed papers. Selection of contributed
papers ‘¢ R2sed on abstracts which
are recenn "y the submission dead-
line of 16 May 1960. An Abstract
Booklet will be available in advance
of the conference frc.m the American
Institute of Phvsics for a fee of
$15.00. Registrants will receive this
booklet at the conference. Proceed-
ings will be published in the Journal
of Applied Physics.

Individuals who are not on ihe
conference mailing list may oftais
conference information and detail,
concerning the f.eparation of
abstracts in the prescrined format by
writing Dr. John T. Sco t, American
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Institute of Physics, 335 East 45th
Street, New York, New York 10017
or Diane Suiters, Courtesy Associ-
ates, 655 15th Street NW, Suite 300,
Washington, D.C. 20005.

This topical conference is sponsored
jointly by the American Institute of
Physics and the Magnetics Society of
the IEEE in cooperation with the
American Physical Society, the
Office of Naval Research, the Metal-
lurgical Society of the AIME, the
American Society for Testing and
Materials, and the American Ceram-
ic Society. The meeting will be open
to all persons subject to a registra-
tion fee of approximately $200.00
{marked reduction for students).

ELEVENTH INTERNATIONAL
CONFERENCE ON THE
APPLICATION OF ACCELERATORS
IN RESEARCH AND INDUSTRY
Denton, Texas

5-8 November 1990

The Eleventh International Confer-
ence on the Application of Accelera-
tors in Research and Industry will be
held at the University of North Tex-
as in Denton, Texas, 5~8 November
1990. The proceedings of the confer-
ence will be published in Nuclear In-
struments and Methods in April
1991. The editors of these proceed-
ings will be Jerome L. Duggan of
The University of North Texas and
I. L. Morgan of IDM, Inc. The
abstracts of the manuscripts will be
published in the September 1990 is-
sue of the Bulletin of the American
Physical Society (APS). The confer-
ence is being organized by The Uni-
versity of North Texas.

The purpose of the conference is to
review research and the wealth of in-
dustrial applications that are in pro-
gress with accelerators throughout
the world. The conference is com-
posed of two symposia which run in
parallel. These are the Research
Symposium and the Industrial Ap-
plications of Accelerators. Some of
the sessions that are of general in-
terest will be held common to both
groups. Participants can easily in-
terchange between the two sympo-
sia. Three hundred and fifty invited




papers will be given at these sympo-
sia, and contributed papers will be
accepted in the following areas:
Atomic Physics and Related Phe-
nomena, Trace and Surface Analysis
with Ion Beams, Electron Beam Pro-
cessing, Nuclear Physics, CTR and
Related Phenomena, Neutron Ac-
tivation Analysis and Bulk Analysis
with  Accelerators, Radiological
Safety Aspects of Accelerators, Ion
Implantation with Particular Em-
phasis on Semiconductors and
Metallurgical Applications, Geosci-
ences and Related Phenomena,
Charged Particle Microprobes,
Super SIMS, Carbon Dating, Com-
puted Tomography, Synchrotron
Light Source Experiments, In situ
Beams, Radiation Interaction with
Ton Beams, Accelerator and Com-
ponent Design and Automation,
Targetry, Detectors, and Electron-
ics, Medical Applications with Ac-
celerators, Biological and Chemical
Applications, Material Analysis with
Ion Beams, Channeling, and Stop-
ping Power and Radiation Effects.

Most of the contributed papers will
be presented in poster sessions.
Designated times will be assigned for
the participants to be present at their
poster stations.

Further information, application
blanks, poster information, manu-
script materials, and other confer-
ence information can be obtained by
contacting Jerome L. Duggan, Phys-
ics Department, The University of
North Texas, P.O. Box 5368, Den-
ton, Texas 76203-5368, phone: 817-
565-3252. Qur FAX number is:
817-565-2227. Qur Bitnet number is:
BITNET%FC66@UNTVAX.
BITNET.

IEEE CONFERENCE ON
NEURAL INFORMATION
PROCESSING SYSTEMS—
NATURAL AND SYNTHETIC
Denver, Colorado

26-29 November 1990

This 15 the fourth meeting of an in-
terdisciplinary conference which
brings together neuroscientists, en-
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gineers, computer scientists, cogni-
tive scientists, physicists, and
mathematicians interested in all as-
pects of neural processing and com-
putation. Several days of focused
workshops will follow at a nearby ski
area. Major categories and examples
of subcategories for paper submis-
sions are the following:

1. Neuroscience: Neurobiological
models of development, cellular in-
formation processing, synaptic func-
tion, learning and memory; studies
and analyses of neurobiological sys-
tems and development of recording
tools.

2. Implementation and Simulation:
Hardware implementation of neural
nets; practical issues for simulations,
simulation tools, simulations on
parallel machines.

3. Algorithms and Architectures:
Description and experimental evalu-
ation of new net architectures
and/or learning algorithms; data
representation, static and dynamic
nets, modularity, rapid training,
learning pattern sequences, imple-
menting conventional algorithms,

4, Formal Analysis: Theoretical
analysis of: learning, algorithms,
generalization, complexity, scaling,
capability, stability, dynamics, fault
tolerance, sensitivity, relationship to
conventional algorithms. ’

5. Cognitive Science and AI: Nets
for cognitive modeling, natural
language understanding, high-level
representation and xeasoning, and
other Al domains.

6. Applications: Nets applied to sig-
nal processing, communications,
speech, vision, motor control, robot-
ics, adaptive systems.

Technical Program

Plenary, contributed, and poster ses-
sions will be held. There will be no
parallel sessions. The full text of
presented papers will be published.

Mail requests for registration materi-
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al to:

Kathie Hibbard

NIPS 90 Local Committee
Engineering Center

Campus Box 425

Boulder, CO 80309-0425

email:

hibbard @ boulder.colorado.edu

Organizing Committee

General Chair: Richard Lippmann,
MIT Lincoln Laboratory

Program Chair: John Moody, Yale
University

Publicity: Stephan Hanson, Siemens

Publications: David Touretzky,
Carnegie-Mellon University

Local Arrangements: Kathie Hib-
bard, University of Colorado

Workshop Program: Alex Waibel,
Carnegie-Mellon University

IEEE Liaison: Ed Posner, Caltech

Neurosciences Lia‘son: James
Bower, Caltech

APS Liaison: Larry Jackel, AT&T
Bell Labs

INTERNATIONAL SYMPOSIUM
ONHEAVY ION

" INERTIAL FUSION

Monterey, California
3-6 December, 1990

This symposium is the latest of a
series being held every two years
which started with the 1976 ERDA
Summer Study of Heavy Ions for
Inertial Fusion. Several workshops
were held before the symposium as-
sumed its present form. It will be
held at the Sheraton Hotel in Mon-
terey, California. The symposium
provides an  opportunity for
members of the worldwide scientific
community involved in the varied
fields required for accelerator-based
inertial fusion to assemble and com-
municate. Both oral and poster ses-
sions will be available. Some of the
subject areas of interest are: beam
physics, beam-plasma interactions,
beam transport, accelerator technol-
ogy for inertial fusion, heavy ion in-
jectors, target issues, inertial fusion
reactor studies, and fusion plant sys-
tem studies. There will be time set
aside for information workshop dis-




cussions during the symposium.
Written papers will be required for
inclusion in the published proceed-
ings. The important dates to
remember are:

Call for abstracts—30 May 1990
Abstracts due—31 August 1990
Deadline for registration—

15 October 1990
Symposium—3-6 December 1990

To be put on the mailing list for fur-
ther information and announce-
ments, contact:

Mollie Field

Conference Coordinator
Lawrence Berkeley Laboratory

1 Cyclotron Road, MS 50B/2270
Berkeley, CA 94720

Telephone: (415) 486-6386
FAX: (415)486-5401

JOINT MEETING OF THE
FIFTEENTH TEXAS SYMPOSIUM
ON RELATIVISTIC ASTROPHYSICS
AND THE FOURTH ESO-CERN
SYMPOSIUM ON ASTROPHYSICS,
COSMOLOGY, AND
FUNDAMENTAL PHYSICS

Brighton, United Kingdom

16-21 December 1990

The 15th Texas Symposium on Rela-
tivistic Astrophysics and the 4th
ESO-CERN Symposium on Astro-
physics, Cosmology, and Fundamen-
tal Physics will be combined into a
Joint Texas/ESO-CERN Symposi-
um. The symposium is to be held at
the Conference Centre in Brighton,
United Kingdom, from Sunday even-
ing, 16 December 1990, to Friday
afternoon, 21 December 1990.

The Scientific Organizing Commit-
tee (Joint Chairmen: M. J. Rees and
G. Setti) has outlined the following
program:

Morning plenary lectures on: Early
Universe; Quantum Cosmology;
High-Energy Physics—Latest Re-
sults; Nucleosynthesis; Galaxy For-
mation and High-z Objects; Large-
Scale Structure; Dark Matter; X-
Ray and y-Ray Astronomy, Pulsars,
Gravitational Lensing, Background
Radiation; Solar Oscillations, Neu-
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trinos and Underground Physics;
Gravitational Theory.

Afternoon mini-symposia on. Astro-
physics of Neutron Stars and Black
Holes (Organizer: R. D. Blandford);
Underground Physics (Co-
organizers. B. Sadoulet and P. F.
Smith); Large-Scale Structure and
Galaxy Formation {(Organizer: G.
Efstathiou).

The registration fee is £75 (£25 for
students). A limited amount of
financial support may be available,
especially for those from the Third
World.

If you are interested in attending and
would like more information, please
contact one of the following persons:

I. Robinson

Programs in Mathematical
Sciences

University of Texas at Dallas
Richardson, TX 75083-0688

G. Setti

European Southern Observatory
Karl-Schwarzschild-Strasse 2
D-8046 Garching-bei-Munchen
Federal Republic of Germany

J. P. Ellis

CERN

CH-1211 Geneva 23
Switzerland

WASHINGTON MATERIALS
FORUM: SUPERCONDUCTORS
AND SEMICONDUCTORS
Washington, D.C.

28 February-1 March 1991

This conference is being held in con-
junction with the Spring Forum of
the Solid State Sciences Committee
(SSSC) of the National Research
Council, which will be held in
Washingion, D.C. on 27 February
1991 to consider “The Effectiveness
of Consortia in Industrial Competi-
tiveness.” The SSSC, often in con-
junction with the National Materials
Advisory Board (NMAB), holds this
forum to inform the technical com-
munity of current science policy and
funding issues and to afford atten-
dees the opportunity to discuss fund-
ing issues with representatives from
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government funding agencies and
staffers from House and Senate Com-
mittees. In previous years, the
forum has contained a brief techni-
cal session in a selected area of
current interest. In 1991, the techni-
cal meeting described in this an-
nouncement will replace this techni-
cal session. It will enable its partici-
pants to discuss their latest technical
results with their peers as well as al-
low them access to the Washington
community. Cosponsorship of this
meeting by several technical so-
cieties is expected to reduce prolifer-
ation of meetings in Washington
while providing all associated so-
cieties access to the Washington
community.

Symposium Topics

High-T, Superconducting Films for
Electronic Applications

This symposium will focus on the
preparation and properties of thin
film high-temperature superconduct-
ing oxides with emphasis on the ma-
terial properties and problems im-
portant for electronic applications.
Papers are solicited in the following
areas:

Deposition techniques for high-T,
superconducting films

Materials properties and problems
critical to device and circuit applica-
tions .

Integration of high-T, supercon-
ducting materials into conventional
semiconductor technologies

Magnetic and electrical properties of
films

Technique for fabricating device
structures

New approaches to film evaluation

Novel electronic applications of
high-T, superconducting films

The Science Behind Semiconductor
Processing: Advances in Plamsa and
CVD Research

Significant developmicnts have oc-
curred recently in research related to
the synthesis and processing of semi-




conductor materials and devices.
Advances have been made in the fun-
damental characterization, model-
ing, and understanding of processing
as a science, Results are leading to
predictive methods for improving
processing and synthesis techniques.
This symposium will focus on ad-
vances in the science of plasma and
CVD processing as it applies to
semiconductor fabrication. The em-
phasis will be on unifying themes for
. understanding deposition, etching,
and growth processes. Topics will
include plasma and vapor-phase
chemistry, surface Kkinetics, species
transport, gas-phase surface nu-
cleation, growth mechanisms, and
modeling techniques. The scientific
basis for plasma and CVD process-
ing will be addressed in both invited
and contributed sessions.

Location

The conference will be held in
Washington, D.C. on 28 February-
1 March 1991, following the
Wednesday, 27 February 1991 Solid
State Sciences Committee Spring
Forum.

Abstract Deadline

Abstracts of contributed papers (two
copies) must be received by the
Conference Chairs no later than 10
December 1990. 'Abstract templates
may be obtained from MRS Head-
quarters at the address listed below,
or your may construct your own
template as follows: Using heavy,
white bonded paper, trace a block 5
in (12,7 cm) wide by 6 in (15.2 cm)
long in nonreproducing blue ink or
in dark lines on a backup sheet. The
text must be confined to the area
within these borders.

Cosponsoring Societies

American Ceramic Society (ACerS)
American Chemical Society (ACS)
American Physical Society (APS)
Division of Condensed Matter
Materials Physics Topical Group
ASM International
American Vacuum Society (AVS)
Federation of Materials Societies
Materials Research Society (MRS)

Vol. 35, No. 8§ (1990)

Conference Chairs

A. Wayne Johnsen

Sandia National Laboratories
Division 1126

P.O. Box 5800

Albuquerque, NM 87185
Telephone: (505) 844-8782
Fax: (505) 844-3211

Paul S. Peercy

- Sandia National Laboratories

Division 1140

P.O. Box 5800
Albuquerque, NM 87185
Telephone: (505) 844-4309
Fax: (5S05) 846-2009

Julia M. Phillips

AT&T Bell Laboratories
Room 1I>-158

600 Mountain Avenue
Murray Hill, NJ 07974-2070.
Telephone: (201) 582-4428
Fax: (201) 582-2521

James B. Roberto

Oak Ridge Nationai Laboratory
Solid State Division -
Building 3025, MS 6030

Ozk Ridge, TN 37831
Teleplione: (615) 576-0227
Fax: (615) 574-4143

The Program Committee will be
pleased to consider abstracts on the
topics listed above. To receive fur-
ther announcements about the
Washington Materials Forum con-
tact Jane Stokes at MRS Headquar-
ters:

Washington Materials Forum

c/0 Materials Research Society

9800 McKnight Road

Pittsburgh, PA 15237

Telephone: (412) 367-3003

Fax: (412)367-4373

1991 PARTICLE ACCELERATOR
CONFERENCE

San Francisco, California

6-9 May 1991

The fourteenth biennial Particle Ac-
celerator Conference will be held at
the Sheraton Palace Hotel, San
Francisco, California, from 6-9 May
1991. The subject of the meeting will
be new developments in the science,
technology, and use of particle ac-

1621

celerators. The conference is being
organized by Stanford Linear Ac-
«elerator Center’ and Lawrence
7 rkeley Laboratory under the
auspices of IEEE. For further infor-
m.tion, contact the Conference
Chairman: Dr. Matthew Allen,
SLAC, P.O. Box 4349, Stanford, CA
94 29; telephone (415) 926-2820;
BITNET MATALLEN@SLACVM;
telewax: (415) 926-3654.

Progrum

The 1991 conference continues the
tradition of providing a channel of
communications for accelerator
scientists and engineers and for per-
sons concerned with the applications
of accelerators. The conference will
include invited oral presentations
and contributed oral and poster pre-
sentations. The topics to be covered

include accelerator technology, new

methods of acceleration, low-,
medium-, and high-energy accelera-
tors and rings, synchrotron radiation
sources, injectors and ion sources,
beam dynamics, and free electron
lasers. Papers will be published in
the Conference Record.

Abstracts and Deadline

The first conference mailing will be
in June. All abstracts of invited and
contributed papers must follow the
rules of the American Physical So-
ciety, as described in the Bulletin of
the American Physical Society.’ The
deadline for receiving abstracts is
Monday, 3 December 1990.
Abstracts should be sent to the Pro-
gram Chairman, Dr. Klaus Berkner,
Lawrence Berkeley Laboratory, 50-
149, 1 Cyclotron Road, Berkeley,
CA 94720. The accepted abstracts
will te published in the May 1991 is-
sue of the Bulletin of the American

Physical Society.
Sponsorship
The 1991 Particle Accelerator

Conference will be sponsored jointly
by the American Physical Society,
Air Force Office of Scientific Re-
search, Defense Advanced Research
Projects Agency, Department of En-




ergy. National Science Foundation,
and Oftice of Ivaval Research.

SEVE™NTH TOPICAL CONFERENCE
ON SHOCK COMPRESSION

OF CONDENSED MATTER
Williamsburg, Virginia

17-20 June 1991

The Seventh Biennial Conference of
the American Physical Society Topi-
cal Group on Shock Compression of
Condensed Matter will meet at Wil-
liamsburg, Virginia, 17-20 June
1991. The meeting will be interna-
tional, with France, Great Britain,
Israel, Japan, People’s Republic of
China, and U.S.S.R. participation
expected. The conference emphasis
is on the physics of materials at
elevated pressures.

Submission of Abstracts

We invite abstracts on the following:
New Fundamental Research; Opti-
cal and Spectroscopic Phenomena;
Elastic-Plastic Response; Impact
and Penetration Mechanics; Static
High Pressure Work; Experimental
Techniques; Geophysical Materials;
Fracture; Shock Chemistry; Equa-
tion of State; Theoretical Studies;
Numerical Calculations; Energetic
Materials; Laser and Particle Beam
Shock; and Generators.

The abstracts will be published in the
APS Bulletin prior to the confer-
ence: Abstracts for invited and con-
tributed papers must conform to the
APS formats that are regularly pub-
lished in the Bulletin. The deadline
for abstract submission will be late
January 1991. Proceedings of the
conference will be published.

Conference Location

The official conference hotel will be
the Williamsburg Hilton, where 300
rooms havz been reserved for partici-
pants at a single occupancy rate
equaling the U.S. Government
Department of Defense lodging rate
(now $62.00). Room reservations
will be made through the Hilton
Hotel. Later announcements will in-
clude registration forms for the
conference and the hotel.
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Conference Committee

Richard D. Dick
Chairman

University of Maryland
(301) 454-8948

J. Stephen Rottler
Exhibits
Sandia National Laboratories

Douglas G. Tasker

Vice-Chairman and Local
Arrangements

Naval Surface Warfare Center

Stephen C. Schmidt
Publications
Los Alamos National Laboratory

E.Ray Lemar
Finances
Naval Surface Warfare Center

Wanda Morat
Publicatjons Assistant
Naval Surface Warfare Center

.

For information contact:

Naval Surface Warfare Center
Attn: Wanda Morat, E221, 1-370
1991 APS Topical Conference

on Shock Compression

of Condensed Matter
10901 New Hampshire Ave.
Silver Spring, MD 20903-5000

EIGHTH SYMPOSIUM ON
TURBULENT SHEAR FLOWS
Munich, Federal Republic of Germany
9-11 September 1991

The Eighth Symposium on Tur-
bulent Shear Flows aims to advance
understanding of the physics of tur-
bulent motion and capabilities for
predicting momentum, heat, and
mass transport processes in tur-
bulent shear flows of engineering im-
portance.

Approximately 20 technical sessions
are planned. Contributed papers are
invited on original work in the fol-
lowing general areas:

Fundamentals: Measurements, the-
ories, and concepts that illuminate
the nature of turbulence.

Turbulence models. Developments
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in single and two-point closures;
large-eddy and other numerical
simulations.

Experimental technigues: Improved
experimental methods for single- and
two-phase turbulent flow.

Computation techniques: Advances
in computation methods for single-
and two-phase turbulent flow.

Heat and mass transfer: Develop-
ments in scalar modeling; rclated
measurements and calculations.

Combustion: Developments in mod-
eling of turbulent flames and their
application; experiments and calcu-
lations of combusting flows.

Applications: Contributions to ap-
plied turbulent flows including those
concerned with internal and external
aerodynamics, geophysical flows,
and engineering processes.

Abstracts

Paper selection-will be based upon a
review of extended abstracts of ap-
proximately 1000 words which
should be double-spaced’ and state
clearly the purpose, results, and con-
clusions of the work, with support-
ing figures as appropriate. Five
copies of the abstract should be sub-
mitted to: Professor F. W. Schmidt,
Secretary, Turbulent Shear Flows,
Department ' of Mechanical En-
gineering, The Pennsylvania State
University, University Park, PA
16802; telephone: 814-865-2072; fax:
814-863-4848.

Deadlines

Final date for receipt of abstracts:
15 November 1990. Authors in-
formed concerning acceptance: 15
March 1991. Final date for receipt
of camera-ready manuscript: 31
May 1991.

1991 INTERNATIONAL
CONFERENCE ON ION SOURCES
Darmstadt, Federal Republic of Germany
30 September 1991~4 October 1991

The 1991 International Conference
on Ion Sources (ICIS’91) will be
organized by the Gesellschaft
fur Schwerionenforschung (GSI),




Darmstadt, Federal Republic of
Germany. rhe conference will be
held during th. ftrst weei. of October
1991,

The aim of the conference is to en-
courage interest in the various areas
of ion source zrplicatins and to
promote the exchange o ideas and
theories on ior sources.

Contributed and review papers will
be presented from such areas as ion
implantation, isotope separation,
neutral beams for controlled fusion,
light and heavy ion inertial
confinement fusion, space propul-
sion, particle accelerator injection,
lithography, surface analysis, and
other basic and applied fields.

Access Routes and Links

The emphasis will be on ion sources
and not on specific applications.
General technological problems of
all of the above areas will be re-
viewed. A half-day will be reserved
for parallel meetings for those from
various fields and will be organized
by one of the specialists attending.

fixed, but will

miles south of Frankfurt.

The precise location is yet to be FOURTH EUROPEAN

CONFERENCE ON
probably be at
Bensheim, about halfway between APPLICATIONS OF
5 dt and Heidelb y SURFACE AND INTERFACE
armstadt and Heidelberg, about 50 ANALYSIS

Budapest, Hungary
14-18 October 1991

A first announcement and call for

papers will be sent out shortly. For Aims and Scope

further information and for in-
clusicn on the mailing list, contact
the conference chairman:

Dr. Bernard Wolf

GSI

Postfach 110552

6100 Darmstadt 11

Federal Republic of Germany
Telephone. (49)(6151).359320
Fax: (49) (6151) 359785.
Email: UL13@ddagsi3.Bitnet

ECASIA 91 is the fourth interna-
tional conference of a series to be

By air: Terminal 1 of Fenhegy Airport is 22 km and Terminal 2 is 28
km from the Centre. The town center terminal for airport coaches, in
Engels tér, is 3 km away.

By rail: All the railway stations in Budapest are in easy reach. Itis five
minutes to the Déli (Budapest South) and 20 minutes to the Nyugati
(Budapest West) and the Keleti (Budapes! £ast) stations.

By road: The Centre has access to the M7 motorway and it is near to
the international mainroads.

Ciladella

Contact Address:

ECASIA 91

MTA ATOMKI

Pif. 51,

H-4001 Debrecen
Hungary

Phone: (36)-52-16181
Telex: 72210 (atom h)
Fax: (36)-52-16181

Vol. 35, No. 8 (1990)

REPLY FORM

I am interested in ECASIA 91 and would like to receive the second
circular.

Name:

Tile:

Institution/Company:

Street:
City: Zip code:

Country:

Phone: Telex:

Fax:

I may be able to submit a paper on the following topic:

Please send the second circular also to:
Name:
Address:
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held biannually in various European
countries. Its main purpose is to
bring together users, theoreticians,
and suppliers of surface analytical
equipment.

ECASIA 91 will be a place for truly
international exchange of informa-
tion about the application of
different techniques to the solution
of surface and interface related prob-
lems. Plenary and keynote lectures,
oral presentations in parallel ses-
sions, poster contributions, and a full
instrument exhibition will constitute
the scientific program.

ECASIA 91 will encourage contribu-
tions on:

®Applications of surface and inter-
face analytical techniques and
methods to technological and indus-
trial problems, such as metallurgy,
corrosion,  coatings,  ceramics,
glasses, mineralogy, polymers, ca-
talysis, microelectronics, supercon-
ductors, adhesion, tribology and
wear, biomedical, and environmental
studies.

oNew developments in surface and
interface analytical Techniques (in-

struments and experim.zntal
methods) and related microanalyti-
cal methods.

oProgress in the Quantification and
related problems such as calibration,
data analysis, and interpretation.

An abstract booklet will be given to
the participants at the opening of the
conference. Conference proceedings
will be issued in the form of a special
volume of Surface and Interface
Analysis.

The conference languaée is English.

Second Circular

The second .ircular with the list of
invited speakers and call for papers
will be mailed in November 1990 to
those returning the reply form on
page 1623,

This conference is organized by the
Institute of Nuclear Research of the
Hungarian Academy of Sciences
(MTA ATOMKI) and the Austrian
Society for Microchemistry and
Analytical Chemistry.

Organizing Committee

D. Berényi
Debrecen, Hungary
M. Grasserbauer
Wien, Austria

L. Kovér
Debrecen, Hungary

Chairmen:

Secretary:

Venue

The Budapest Convention Centre
(BCC) building connected to the
four-star Hotel Novotel is situated in
an old chestnut park in the green-
belt area of the beautiful capital Bu-
dapest, offering ideal and peaceful
surroundings and advanced facilities
for holding international confer-
ences. The Centre is only a few
minutes from both the city center
and the Buda castle area, which is
rich in cultural and historical monu-
ments, churches, museums, etc.

Contact Address:

ECASIA 91

MTA ATOMKI

Pf. 51

H-4001 Debrecen
Hungary

Phone: (36)-52-16181
Telex: 72210 (atom h)
Fax: (36)-52-16181

Announcements of Affiliated Societies

1990 SECTIONAL MEETINGS
OF THE PHYSICAL SOCIETY
OF JAPAN

Members of The American Physical
Society are welcome to present their
original papers at the 1990 Sectional
Meetings of the Physical Society of
Japan, which are to be held as fol-
lows:

1st Sectional Meeting

Date- Sunday, 30 September~
Wednesday, 3 October 1990

Vol. 35, No. 8 (1990)

Location: Nara Women’s Universi-
ty, Nara-shi, Nara-ken

Sections jnvolved: Elementary Par-
ticle Theory; Elementary Particle
Experiments; Nuclear Theory; Nu-
clear Experiments; Cosmic Rays

2nd Sectional Meeting

Date: Tuesday, 2 October-Friday,
5 October 1990

Location. University of Gifu, Gifu-
shi, Gifu-ken
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‘Sections involved. Radiation Phys-
ics; Crystal Growth; Lattice Defects;
Dielectrics; Semiconductors; Ionic
Crystals and Optical Properties;
Molecular Crystals, Organic Semi-
conductors and Liquid Crystals;
Atoms and Molecules; Quantum
Electronics; Magnetism; Magnetic
Resonance; Metals; Surfaces; Low
Temperature; Statistical Mechanics
and Basic Theory of Condensed
Matter; X Rays and Corpuscular
Beams; High Polymers; Biophysics;
Applied Mathematics, Mechanics
and Fluid Physics; Discharges; Plas-
ma Physics and Nuclear Fusion;




Acoustics and Phonon Properties;
Physics Education; History of Phys-
ics

Presentations of papers at the meet-
ings of The Physical Society of Japan
by members of The American Physi-
cal Society are subject to the same
rules as for members of The Physical
Society of Japan, in accordance with
the agreement between these two or-
ganizations.

All inquiries for detailed information
about these Sectional Meetings
should be addressed to:

The Physical Society of Japan
Room 211, Kikai-Shinko Building
3-5-8, Shiba-Koen, Minato-ku
Tokyo 105, Japan

1991 SECTIONAL MEETINGS
OFTHE PHYSICAL SOCIETY
OF JAPAN

Held in late March and/or early

April 1991.

1st Sectional Meeting: Science
University of Tokyo,
Shinjuku-ku, Tokyo

2nd Sectional Meeting: Gakushuin
University, Toshima-ku, Tokyo

NOTICE FROM THE PHYSICAL SOCIETY OF JAPAN

1991 ANNUAL MEETING
OF THE PHYSICAL SOCIETY
OF JAPAN

Held in late September and/or early
October 1991 at Hokkaido Universi-
ty, Sapporo-shi, Hokkaido.

All inquiries for detailed information
about these Meetings should be ad-
dressed to:

The Physical Society of Japan
Room 211, Kikai-Shinko Building
3-5-" Shiba-Koen, Minato-Ku
Tokyo 105, Japan

Tel. (03) 434-2671

Members of the American Physical Society may subscribe to the Journal of the Physical Society of Japan at the same
rates as for members of the Physical Society of Japan, in accordance with the Agreement between the two Societies con-
cerned. Annual member rates for subscription to Vol. 59 (1990) of the Journal of the Physical Society of Japan are as fol-

fows:

Address Japan Asia USA Europe
{except Japan & USSR), (including Alaska & (including USSR),
Australia, New Zealand, Hawaii), Canada, and Africa, Middle East,
Mail and Oceania Central America and South America
Surface ¥ 9,000 ¥ 14,000 ¥ 14,000 ¥ 14,000
Air ¥ 30,500 ¥ 34,800 ¥ 39,000

All inquiries for subscriptions should be addressed to: The Physical Society of Japan, Room 211,
Kikai-Shinko Building, 3-5-8, Shiba-Koen, Minato-ku, Tokyo 105, Japan.

Vol. 35, No. 8 (1990)
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@he American Physical Soriety

INDUSTRIAL SUMMER

INTERN PROCRAM~—1991

DESCRIPTION:

QUALIFICATIONS
OF APPLICANTS:

STIPEND:

SELLECTION
PROCEDURE:

INDUSTRIAL
ORGANIZATIONS:

APPLICATION
PROCEDURE:

FOR FURTHER
INFORMATION:

The American Physical Society Industrial Summer Intern Program is another
phase of the Society’s efforts to increase the coupling between the academic
and industrial members of the physics community. It provides an opportunity
for well-qualified physics students to spend time in an industrial environment
during the summer months.

Any senior undergraduate or graduate student in physics may apply. Appli-
cants should expect to spend the period June through August as an intern
and to participate in existing projects in the host laboratory. Since the pro-
gram is competitive, applicants should have good academic records and a
high degree of motivation, and should present evidence of some research.or
technical experience.

The stipend for interns will be about $2,000 per month, varying somewhat
with each industrial company. Provision for relocation expenses and fringe
benefits will be made according to the practice of each host Ial oratory.

A review commiitee appointed by the APS President will screen all completed
applications in hand on 31 October 1990. The files of appropriately qualified
applicants will be distributed to research managers at the industrial lzbora-
tories which have asked to participate in the program. Those compames
who choose to do so will offer internships directly. to the students whom
they have selected from the pool. The Society will not participate in the
negotiations for any particular appomtment. it is expected that negotiations
will be completed on or about 3 April 1991.

Industrial organizations interested in participating in this Internship Program
are invited to-contact the Program Administrator. No commitment, other than
willingness to consider appropriately qualified interns, is required befure
resumes are distributed. Interns are expected to give the guarantees with
respect to patents and proprietary information ordinarily required of 2! tech-
nical personnel in a given laboratory. -

Applicants should complete and return the application form and arrange :o
have two letter-of-reference forms in addition to the chairman’s endorsement
form sent to the Program Administrator. Transcripts may be included with
the application form or sent to the Program Administrator by the school.
Completed applications and supporting material must be received by 31 Oc-
tober 1990. COPIES OF ALL FORMS ARE AVAILABLE IN THE OFFICE OF
THE CHAIRMAN OF YOUR DEPARTMENT OR BY WRITING DIREC:LY TO THE
ADDRESS BELOW.

Summer Intern Program Administrator
The American Physical Society

335 East 45th Street

New York, NY 10017

(212) 682-7341

DEADLINE FOR RECEIPT OF COMPLETED APPLICATIONS IS 31 OCTOBER 1990.

Vol. 35, No. 8 (1590)
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Che Aweriran Physiral Soriety

Program of

CORPORATE SPONSORED SCHOLARSHIPS FOR

MINORITY UNDERGRADUATE STUDENTS

WHGC MAJOR IN PHYSICS

TWELFTH ANNUAL COMPETITION, 1991-1992

Purpose:

Spnnsorship:

Qualifications:

Stipend:

Selection
Procedure:

Host
Institutions:

Application
Procedure:

For Further
Information:

Vol. 35, No. 8 (1990)

The American Physical Society Committee on Minorities in Physics, in collaboration
with the Corporate Associates of the American Institute of Physics, has organized this
scholarship program for minority undergraduate students in physics. The purpose of
this program is to increase significantly the level of underrepresented minority partici-
pation in physics in this country.

Each scholarship will be sponsored by a corporation, and will normally be designated
2~ the “(Sponsor/APS) Scholarship for Minority Undergraduate Students in Physics at
{Lost College).” Corporations may and do sponsor more than one scholarship. The
scholarship funds are donated by the sponsoring corporation to The American Physical
Society, which administers the scholarship awards.

Any Black, Hispanic, or American Indian U.S. citizen who is majoring or plans to ma-
Jjor in physics and who is a high school senior or college freshman or sophomore is
qualified to apply. The scholarships are limited to assist students who are majoring in
physics in their freshman, sophomore, or junior years of college.

Each scholarship for the academic year 1991-1992 consists of $2,000 awarded to the
student for tuition, room, or board, and $500 awarded to each college or university
physics department that hosts one or more APS minority undergraduate scholars. The
scholarship may be renewed one time. Renewal is granted with the approval of the
APS Selection Committee, the host institution, and the corporate sponsor.

A Selection Committee of the APS Committee on Minorities in Physics and appointed
by the APS President wili select the scholarship recipients and match the recipient
with an available scholarship from a host corporate sponsor. The Selection Committee
will provide an accomplished physicist as 2 mentor for each scholarship recipient.

Students and prospective students from all U.S. coiicges and universities are cligible to
apply for an APS minority undergraduate scholarship. It is the intention of the Selec-
tion Committee to give 2pproximaiely half the awards to students in institutions with
historically or predominantly Black, Hispanic, or American Indian enroilment and the
other half to students in other colleges and universities.

Applicants should submit a completed application form, with a personzl siatement, to
APS for reccipt prior to the deadline of February 25, 1991. Three completed REFER-
ENCE FORAMS, and a copy of applicant’s high school records should be mailed direct-
ly to the APS Office. College undergraduates should send academic records from both
high school and college directly to the APS office. The deadline for receipt of ail
references and transcripts is February 25, 1991.

APPLICATION FORMS, REFERENCE FORMS, and other information zbout this
program may be obtained from:

APS Minorities Scholarship Program
The American Physical Society

335 East 45th Street

New York, NY 10017-3483

{212) 682-7341

DEADLINE FOR RECEIPT OF COMPLETED APPLICATIONS IS 25 FEBRUARY 1991.
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Summary of Physics and Astronomy
Classification Scheme—1990

00. GENERAL 60. CONDENSED MATTER: STRUCTURE,
01.  Communication, education, history, MECHANICAL AND THERMAL PROPERTIES
and philosophy 61.  Structure of liquids and solids; crystallography
02. Mathematical methods in physics 62. Mechanical, acoustical, and rheological properties.
03. Classical and quantum physics; mechanics and of condensed matter
fields 63. Lattice dynamics and crystal statistics
04. Relativity and gravitation 64. Equations of state, phase equilibria, and phase
05. Statistical physics and thermodynamics transitions
06. Measurement science, general laboratory 65.  Theral properties of condensed matter
techniques, and instrumentation systems 66.  Transport properties of condensed matter
07.  Speci®; instrumentation and techniques ‘(nonelectronic)
of general use in physics 67. Quantum fluids and solids; liquid and solid
helium
10. THE PHYS{CS OF ELEMENTARY PARTICLES 68. Surfaces and interfaces; thin films and whiskers
AND FIELDS (structure and nonelectronic properties)
11.  General theory of fields and particles

12,  Specific theories and interaction models; 70. CONDENSED MATTER: ELECTRONIC
particle systematics STRUCTURE, ELECTRICAL, MAGNETIC,
13.  Specific reacticns and phenomenology AND OPTICAL PROPERTIES
14.  Properties of specific particles and resonances 71.  Electron states
72. Electronic transport in ccndensed matter
20. NUCLEAR PHYSICS 73.  Electronic structure and electrical properties
21.  Nuciear structure of surfaces, intarfaces, and thin films
23. Radioactivity and electromagnetic transitions 74.  Superccnductivity
24.  Nuclear reactions and scatterirg: general 75. Magnetic properties and materials
25. Nuclear reactions and scattering: specific 76. Magnetic resonances and relaxations
reactions in condensed matter; Mossbauer effect
G Properties of specific nuclei listed by mass 77. Dielectric properties and materials
ranges 78.  Optical properties and condensed-matter
28.  Nuclear engineering and nuclear power studies spectroscopy and other interactions of matter
29. Experimental methods and instrumentation with particles and radiation
for elementary-particle and nuclear physics 79. Electron and ion emission by liquids and solids;

30. ATOMIC AND MOLECULAR PHYSICS

impact phenomena

80. CROSS-DISCIPLINARY PHYSICS AND RELATED

31, Ehlectronic structure of atoms and molecules: AREAS OF SCIENCE AND TECHNOLOGY
! eory . . . 81. Materials science
32. Atomic spectra and interactions with photons . .
33, Molecul 1 dint " ¢ 82. Physical chemistry
) ° ecu]ar SP.e: r: atn Interactions o *84.  Electromagnetic technology
34 lee(.:u €s dw" lp o'ons lisi *85.  Electricat and magnetic devices
’ ‘°’!"° and molecular collision processes 87. Biophysics, medical physics, and biomedical
and interactions engineering
35 Experimentally Qernved mformahon on a‘°f“s *89. Ciher areas of research of general interest
and molecules; instrumentation and techniques 10 physicists
36. Studies of special atoms and molecules

90. GEOPHYSICS, ASTRONOMY, AND ASTROPHYSICS

91.  Solid Earth physics
40. FUNDAMENTAL AREAS OF PHENOMENOLOGY 92. Hydrospheric and atmospheric geophysics
(INCLUDING '.“.,PUCA“ONS). 93. Geophysical cbservations, instrumentation,
41.  Electricity and magnetism: fields and and techniques
chafged particles 94.  Aeronomy and magnetospheric physics
42. Optics . 95. Fundamental astronomy and astrophysics;
43, Acoustics ’ . instrumentaticn, techniques, and
44, Heat transfer, thermal and thermodynamic astronomical observations
processes . 96. Solar system
46, Classical mechanics and rheol-.gy 97.  Stars
47.  Flid dynamics 98. Stellar systems; galactic and extragalactic

50. FLUIDS, PLASMAS, AND ELECTRIC DISCHARGES

objects and systems; the Universe

51. Kinetic and transport theory of fiuids; *APPENDICES
physical properties of gases 02. Mathematical methods in physics
52, The physics of plasmas and electric discharges 43.  Acoustics

*These sections are outside the ICSTI Internaticnal Classification for Physics
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Submission of Abstracts

REVISED INSTRUCTIONS FOR THE SUBMISSION OF
ABSTRACTS FOR CONTRIBUTED PAPERS AUGUST 1989

Please note that these rules apply tu all contributed abstracts that are
to be published in the Bulletin of the American Physical Society, not just
those submulted for presentation al General Meetiugs of the Souiety.

I. SUBMISSION OF ABSTRACTS

A. Submitting abstracts. Contributed abstracts must be submitted by a
member 1n good standing of The American Physical Soviety. This in-
cludes new members vhos» completed application for membershi- and
payment of the first year's dues are in the APS office at the ume of the
submmussion of the abstracl. Each abstract must be signed by the
member n the luower night hand corner at the abstract, with the
member's name and address printed below the signature. The name of
the submitter must be appear cither as a co-author in the text of the
abstract or as a footnote thusly  *Submutted by (MEMBER'S NAME).

B Where to send ubstracis  Send the oniginal and two copies to the ad-
dicss indicated in the announcement of the meeting for which you are
submutting the abstract. Abstracts for General Meetings of the Souiety
should be sent tu the Executive Secretary of the Souiety at the APS
headquarters office.

C  Acknouledgment of recept of ubstracts. For General Meetings of
the APS, if you wish (0 be contacted when your abstract is received,
you must include g self-addressed stamped envelope or posteard with
your abstract. We cannot acknowledge receipt of abstracts unless this
is done. Acknowledgment of receipt does not guarantee acceptance of
the abstract into the program, only that the submission was received.

D Deudlines. All deadlines are firm. Deadlines dates are published in
the annuuncements of the meetings, as well as the inside back cover of
the Bulletin  Abstracts received after the published deadline date will
not be included in the regular program. If the meeting for which you
are submitting an abstract has a postdeadline program, please be cog-
mzant of the rules which govern postdeadline submissions for that par-
ticular meeting. The APS is not respunsible for late submussions due to
mail difficulties The APS recommends that you mail your abstract at
least two weeks prior tu the deadline date, unless you are using an ex-
press mail courier.

I1. PREPARATION OF AN ABSTRACT

A. Size. Bulletin copy is prepared by direct photoreproduction (at
71%) of the typescript submitted. To conform with this and other
printing requirements, the abstract must fit into 4 rectangle that mea-
sures 12-um-wide by 10.5-cm-long This space must include the title of
the abstract, the author's names and affiliations, and all foutnotes and
references  (See the example on the nexat page.) If you wish to draw a
guide on the paper, please use u nonreproducible light blue pencil.
Please do not usc any other color—a light blue rectangle will not
reproduce. Do not exceed the margins of 12-cm-wide by 10.5-cm-long.
Abstracts that are wider or longer will be rejected. You may acquire a
limited supply of preprinted abstract forms by sending a self-addressed
stamped envelope to the Meetings Department of the APS.

B. Style. Indent the first line of the abstract 8 spaces, so that the time
of presentation and the paper number may be nserted during printing.
Underline the title. Type each author’s name in capstal letters. Then
abbreviate and underline the author’s affiliation. Place a dash between
the affiliatiuns and the beginming uof the teat of the abstract. To con-
se1ve space it the printed program, the catire abstract uncluding title,
authui's names, author’s affiliauon, and text) should proceed in a con-
tuiuous fashion within the speuified rectangle. However, please skip
one line between the teal of the abstract and any fuvtnutes and refer-
ences that would appear after the text.

C  Reproducuibility. 1t 1s essential fur all concerned that the abstract

be readable  Please use a hughly contrasting black ribbun or printer on
white paper. Since all abstracts are photographed as is, program com-
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mittees may reject paper that they deem illegible. Please be sure that
your original abstracts as well as the coptes are legible. Please be aware
that photographs do nct reproduce particularly well. No special ar-
rangements can be made for reproduction of photographs.

D. Elcctronic submussion of abstracts. Because of the above mentioned
concerns as regards reproducibility, as well as time considerations, no
abstract submitted by electronic mail {telemail, FAX, etc.) will be ac-
cepted for APS meetings.

E. Special symbols. 1f special scientific symbols are not available on
the typewniter, they may be inserted using black ink. Please be aware
of reproducibility requirements. Consult the current edition of the
Amenican Institute of Physics Style Manual for standard symbols and
abbreviations. The Style Manual can be purchased through AIP by
writtng AIP at 335 East 45th Street, New York, NY 10017.

F. Indexing. Different Divistons, Sections, and Tepical Groups may
use different categorizing schemes and instructions for sorting their
abstracts and plaung them in appropriate sessions. For General Meet-
ings of the APS, place the category number in the upper r:ight and an
appropriate session title 1n the upper left. (See example on the next
page.) For the Spring Meeting, the categortes are listed 1n the “Short-
hand Version™ of the Physics and Astronomy Classification Scheme,
published periodically in the Bulletin. For the March Meeting, the
categuries are histed in the March Meeting Contributed Abstract Form,
also published periodically in the Bulletn. If there 1s a particular per-
son that would be a good chairperson for the session in which the pa-
per would be presented, 1t should be suggested below the submitting
member's signature.

G. Corrections. Authors should note that no corrections of any kind
can be made on the abstract by the office that has received it. Any er-
rors w format, size, reproducibility, or style, will cause the abstract to
be rejected under the above guidelines. A typographical or substantive
error can be corrected only by sending a correcteu version of the
abstract to the office which received the oniginal abstract. The deadhine
for such corrections 1s dependent on the production schedule of the
program, and should be obtained by calling the appropnate office han-
dhing the particular meeting. In the case of General Meetings of the
Society, contact the Meetings Department of the APS. A copy of the
original abstract, clearly labeled as such, must be enclosed with the
corrected version of the abstract, and two copies of the corrected ver-
sion. No guarantees are made for replacing the original abstract with
the corrected version after the abstract deadline date has passed.

H. Withdrawals. An abstract can be withdrawn any time prior to the
abstract deadline date, if the withdrawal 1s submitted in writing to the
appropnate office that 1s handling the program. After the deadline,
withdrawing an abstract is dependent on the production schedule of the
program. As above, the request must be in wniting. No guarantees are
made for withdrawal of an abstract from the printed program after the
abstract deadline date.

II1. PRESENTATION

A. Speaker. The first author listed in the abstract is expected to
present the paper at the meeting, and is considered to be the speaker
for the purposes of presentation.

B. Muluple papers. If the same person s the first author on more than
one paper submitted for preseniation at an APS meeting, only one pa-
per will be accepted for presentation in a standard oral session at an
APS meeting. If the Executive Secretary (or the program chairperson
for that particular meeting) desires, he may arbitranly place one paper
in a standard oral session, and assign the remaining paper to the sup-
plementary part of the program, or to a poster session. Any, or all, of
the additional papers may be rejected. An author may designate which
paper he cunsiders to be the primary paper and which paper he wishes
to be the supplementary paper.
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C. Supplementury pupers. Supplementary papers that have been in-
cluded in the regular program may be presented in a standard oral ses-
sion, time permitting, and at the discretion of the chairperson of that
session. Except in rare instances, designated by the program committee
or the Executive Sccretary, a speaker will only be permitted to present
one primary paper and on¢ supplementary paper.

D. Chute of presentation. Instructions regarding the placement of an
abstract in a poster session, in an oral session, for presentation on a
particular day, or following or preceding other abstracts, will be
honored to the best of the ability of the program committees. Please
indicate these requesis on the buttom uf the abstract atsclf and not on a
covering letter or under separate cover. If the instructions regard the
ordering of several abstracts, the instructions should appear on all
abstracts. If the author does not indicate a preference, the program
commuttee will place the abstract in whichever session appears to be
most appropriate.

E. Audio-visual requirements. At General Meetings of the Society,
overhead projectors are provided for each contributed session. No
audio-visual equipment 15 provided fur poster sessions. If you require
additional audio-visual equipment at a General Meeting of the Society,
please indicate such needs in writing under separate cover to the APS
Meetings Department. You will be required to pay a rental free for ad-
ditional equipment.

F. Poster papers. Please be aware that poster presentations should be
devised so that a number of people may view the presentation at one
time. Please pay particular attention to the production of cffective
visuals. Type and figure size should be appropriate for communication
with groups of people gathered around the poster board. The display
and text should carry the message without requiring additional com-

ment. The size of the poster board can be found in the Preamble to
most meeting programs. Please clear the board promptly at the end of
the session.

IV. POSTDEADLINE PAPERS

Abstracts received after the published deadline date cannot be included
in the regular program Abstracts placed in postdeadline sessions are
not published in the program of the meeting. They may be published
in a future issue of the Bulletin if the program comnuttee of that meet-
ing s0 decides Postdeadline abstracts are subject to all of the above
guidelines  Please be vognizant of the other rules regarding postdead-
line submission of abstracts for each individual meeting.

QUICK REFERENCE—CONTRIBUTED ABSTRACT FORM
% 12 cm by 10.5 cm (43 in. by 44 i),

* Submitted by an APS member-—signature, name, and address in
lower right.

% One primary paper per first author and one supplementary paper.
* Note the deadhine!! APS not responsible for mailing delays.

* Continuous text—no floating titles.

* Indent before title,

% Underline title.

* Readable and printable.

* Special instructions—lower left.

* Subject category upper right.

* Name and date of Meeting center top.

Abstract Subnitted
for the Meeting of the

Amcrican Physical Socicty Physics and Astronomy

Classification Scheme
Number 25.85

Suggested title of session
in which paper should be placed

Optical Properties of Film Structures Meceting Date

One-dimensional Heterojunction Structures in

Polysilylenes. N.MATSUMOTO, H.ISAKA, NTT Basic
Research [abs.--- UV absorption, luminescence and
excitation spectra of poly(di-n-hegylsilane) solid

films have been observed at temperatures from 4K to
400K. The UV spectrum, under the melting point (Tc¢),

exhibits two peaks corresponding to a c¢rystalline
portion (365nm at 4K: Phase I) and an amorphous
fraction (319nm at 4K: Phase II). The luminescence
spectrum, on the other hand, has only one peak

emitted from phase I. Two luminescence peaks (348nm
and 381nm) can be observed only near Tc and there is
only one luminescence peak from Phase II above Tc.

When Phase I and Phase II form a one-dimensional
‘heterojunction structure along a chain as in the
case of temperatures below Tc, electrons and holes

excited 1in the wide-gap Phase II relax
narrow-gap Phase I and recombine radiatively. When
two phases are spatially independent on the
different chains, or when the third phase exists as
a trap along a chain, the energy transfer between
the two phases 1s disturbed. The former case
corresponds to the above luminescence observation
near Tec. The latter case has been confirmed by the
observation of two-peak luminescence in rapidly
cooled films with the third phase (UV peak:350nm)

toward the

Sigr.ature of APS Member

Prefer Poster Session
Prefer Standard Session
No preference

Same name typewritten

—~— o~
Nt N Nt

Address
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March Meeting Sorting Category Scheme

This sorting list 1s to be used solely for the 1991 March Meeting of The Amerivan Physical Soctety in Cinunnati, OH, 18-22 March 1991. Use of
these categories will greatly assist the sorting process, and will enhance the likelihood that your contributed abstract will be placed in an appropnate

session. All contnibuted abstracts must vonform to the rules and regulations for contributed abstracts, published on page 1629 of the Bulletin.

SORTING CATEGORIES

Follow gencral instructions on
preparation of contributed abstracts.

1, Applications
(a) Microelectronics/Device Physics
(b) Magnetics
(c) Detectors and Diagnostics
(d) Modeling
(e) Manufacturing
2, Biophysics
(a) General
(b) Heme proteins
(c) Biomolecular Structure
(d) X-Ray absorption
3. Chemical Physics
(a) General
(b) Spectroscopy
(c) Collision Dynamics
and Photochemistry
(d) Quantum Chemistry
(e) Statistical Mechanics
() Surfaces
(g) Clusters
4. Clusters
(a) General
(b) Metallic
(c) Inert Gas and Semiconducting
5. Complex Fluids
(a) General
(b) Liquid Crystals

(¢) Lyotropics, Microemulsions, & Micelles

(d) Colloids

(e} Interfacial Phenomena

() Nonequilibrium Phenomena
6. Disorder and Composites

(a) General

(b) Small Particles

(c) Glassy Behavior in Crystals

(d) Porous Media

(e) Fractals

(0 Structural Dynamics in Glass
7. Electronic Structure

(a) General

(b) CDW

(¢) Metals and Alloys

(d) Semiconducting Compounds

(e) Insulators

(1) Transport Propertics
8. Experiments and Measurements

(a) National Facilities

{b) Instrumentation and Measurement
9, Fluids

(a) General

(b) Theory

(¢} Quantum Liquids

(d) Classical Liquids

{e) Hydrogen
10. Glassy and Amorphous Systems

(a) General

(b) Elemental and Compound Glasses

(¢} Amorphous Metals

(&) Oxide and Halide Glasses

(e} Silica and Silicon
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11. Highly Correlated Metals
(a) General
{b) Mixed Valence
{c) Heavy Fermion
(d) Kondo Lattice
(e) Superconductivity
12, Hydrogen in Metals
13. Layered Systems
(a) General
(b) Intercalated Graphite
(¢) Transition Metal Chalcogenides
{d) Metallic Superlattices
(e) Metallic Sandwiches
14, Magnetic Order
(a) General
(b) Local Moment Systems
(c) Itinerant Magnets
(d) Spin Glasses
(e) Low Dimensional Magnetism
15, Materials Physics
(a) The Role of Phonons
in the High-T,, Cuprates
(b) Theory of Materials
(c) Electronic Polymers
(d) Optical Materials
(¢} Semiconductor Interfaces
and Microstructures
(f) Surface Magnetism
(g) Boron Compounds
(h) Defects in Metallic Systems,
Especially Alloys
(i) Phase Transformations
(j) Quasicrystals
(k) Hydrogen in Crystalline
Semiconductors
(1) Adhesion, Fracture,
and'Interfaces
(m) Time-Resolved Structural
Kinetics of Materials
(n) Epitaxy Layers
of High-T, Superconductors
(o) Two- and Three-Dimensional
Nanocrystalline Solids
16. Metal-Insulator Transition
(a) General
(b) Doped Semiconductors
(c) Metal Alloys
(d) Organic Conductors
(e} Localization in Low Dimensional
Systems
17. Mesoscopic Systems
(a) General
{b) One Dimensional Systems
(c) Quantum Dots
(d) Fabrications
18. Nonlinear Phenomena
(2) General
(b) Chaos
(c) 1/f Noise
(d) Instabilities
(e) Pattern Formation
19, Optical Properties
() General
(b} Surface Reflectance
(c) Transient and Non-linear
(d) Tons in Solids
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{e) Photoemission
() Inverse Photoemission
(g) Squeezed State:
20. Phase Transitions
(a) General
(b) Ferroelectric
(¢} Expanded Metals
(d) Phase Transitions at Surfaces
(e) Experiments
21, Phonons
(a) General
(b) Impurity Vibrations, Lasers
{c) Raman
(d) Lattice Dynamics
22. Polymers
{a) Chain Dynamics
(b) Crystallinity, Structure,
& Morphology
{c) Phase Transitions
(d) Rigid Rod and Liquid
Crystalline Polymers
{e) Computer Simulations and Theory
() Electrically and Optically
Active Polymers
* (g) Surfaces Interfaces
and Thin Films
(h) Amorphous and
Crystalline Solids
(i) Polymeric Liquids:
Solutions and Melts
() Gels
(k) Properties
(1) General
23, Quasicrystals
24, Semiconductors: Bulk
(a) General
(b) Optical Properties
(c) Transport .
(d) Dilute Magnetism
25. Semiconductors: Defects
(a) General
(b) Shallow Levels
(c) Deep Levels
26. Semiconductors: Heterostructure
(a) General
(b) Optical Properties
(c) Transport
(d) Quantum Hall Effect
(e) Tunneling
(f) Inversion Layers
(g) Schottky Barriers
(h) VLSI
27. Semiconductors: Superlattices
(a) General
(b) Optical Properties
(c) Transport
(d) Impurities
(e) Amorphous Systems
28. Superconductivity
(a) General
(b) Tunneling
(c) Organic
(d) Magnetic
29. Superconductivity; High T,
(a) Materials
(b) Spectroscopy: Photon in Photon out




{c) Spectroscopy: Photon in Electron out 31. Surfaces: Semiconductors 35, Tiln.Films

(d) Spectroscopy: Electron in Electron out (a) General () General
{e) Magnetic Properties (b) Structure {b, Epitaxy
(f) Theory: Electronic Structure {c) Adsorption {¢) MBE/AMOCVD
(g) Theory: Hubbard/Heisenberg (d) Electron and Ion Interactions {d) Transport
(h) Theory: Mechanisms (e} New Techniques {e) Laser Annealing
30. Surfaces: Metallic 32. Theory 34.'X-Ray and Neutron Scattering
(a) General (a) General (2) Gzneral
(b) Structure {(b) Many-Body Theory (b) EXAFS
(c) Electron and Ion Interactions (¢) Density Functional Theory (c) Biffraction
(d) Physisorption (d) Molecular Dynamics : (d) Quasicrystals and Alloys
(e} Chemisorption {¢) Simulated Annealing (e) Spectroscopy
(f) Surface Magnetism {f) Quantum Simulations—
(g) Scanning-Tunneling Microscopy GFMC; Path Integrals
SAMPLE ABSTRACT Abstract Submitted

for the 1990 March Meeting
12-16 March 1990

Suggested Session Title: March Sorting
Surface Structure and Dynamics Category:
2la

Surface Structure and Surface Dynamics of SrTiQa. J.
PRADE and U. SCHRODER, Univ. Regensburg (FRG),
W. KRESS, Max-Planck-Institut, Stuttgart (FRG), F. W. DE
WETTE® and A. D. KULKARNI, Univ. of Texas at Austig. —
SrTiO; is of interest because of its antidistortive bulk phase
transition at 105K, and its present use as a base material for
the deposition of thin films of high-T. superconductors. Re-
cently, the relaxation of the (001) surfaces of urTiO; has been
studied by LEED.! We report on calculations of the structure
and the dynamics of the two (001) surfaces, carried out in the
framework of the shell model. We present results on the relax-
ation and the surface dynamics of these surfaces and compare
the former with the recent experiments.! Finally, we discuss the
possibility of a surface phase transition and its relation to the
bulk antidistortive phase transition. This question is of particu-
lar interest since these phase transitions occur at temperatures
comparable to the transition temperatures of the high-T, super-
conductors.

*Supported by NSF grant DMR-8816301 and Robert A. Welch
grant F-433.
IN. Bickel et al. Phys. Rev. Lett. 62, 2009 (1989).

Prefer Standard Session F. W, de Wette
Department of Physics

University of Texas

Austin, TX 78712
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Workshops to Be Heid in Conjunction
with the APS & the Division of Nuclear Physics

WORKSHOP PREAMBLE

Two workshops will be held in parallel on 24 Octuber at the Physics Department of the University of Hlinuis at Urbana-Champaign. Registration will
hegin at 8 00 in the southwest lobby of the Loomis Laboratury of Physics, and une registration shall cover both woskshops. The workshop on the
Effects of Correlations in Nuclei will be held in Roum 141 in the Loomis Laboratory of Physics. The workshop on Opportumties with Low-Energy
Antiprotons will be held in Room 151 in the Loomis Laboratory of Phystcs. Both workshops will commence at 9:00.

WORKSHOP ON EFFECTS OF CORRELATIONS IN NUCLEI

Organizing Committee: G. A. Baym, V. R. Pandharipande (Chair), C. N. Papanicolas

The study of the influence of correlations 1n nucler has been extensive, both theoretically and experimentally. The purpose of this workshop s to bring
together experimentalists and theorists concerned about this issue, to review the progress made in understanding this ssue, and to explore possible
future directions of investigation.

SESSION I
Chairperson: J. IIcisenberg

9:00
WA 1 Introduction, V. R. PANDHARIPANDE, University of Illinois at Urbana-Champaign.

9:15
WA 2 Correlation Effects from the Cumplex Nucleon-Nucleon Mean Field. C. MAHAUX,* University of Liege, Belgium.

The extrapolation of the optical-model potential towards negative energy provides a complex mean field
for bound nucleons. The imaginary part of this field describes the spreading of the single-particle
strength. The extrapolation is performed by means of a dispersion relation that connects the real to the
imaginary part of the field. This approach enables the calculation of the spectral functions i.e. of the
amount of strength per unit energy interval in the nuclei with (A+1) and with (A-1) nucleons. These
strength distributions are usually characterized by several quantities, namely the quasiparticle
energies, widths, strengths, spectroscopic factors and occupation probabilities. It will be emphasized
that some of these quantities only have a limited physical meaning. Numerical results will be presented
and compared with experimental data, mainly for protons and neutrons in 208Pb,

*In collaboration with R. Sartor.

9:55
WA 3 CERES—A Sum Rule Approach to Occupation Numbers.*
GERYARD J. WAGNER, Universitdt Tiibingen, Federal Republic of Germany.

Nucleon-nucleon correlations are expected to affect the shell-model occupancies of nuclear ground states.
For the 3s-proton orbital in 208Pb occupancies varying between 60% and 90% of the shell-model limit have
been predicted. During the past years an extended effort to determine this quantity by transfer experiments
has been made by us. A sum rule (CERES) has been proposed! and developed? which combines relative
spectroscopic factors from proton removal experiments on neighbouring nuclei with a quantity derived
from their charge density differences. This sum rule avoids the uncertainty of absolute spectroscopic
factors and accounts, in an approximate way, for the defects arising from the neglect of high-lying
spectroscopic strengths. Jointly with groups from Amsterdam, Groningen, Indiana and Saclay we have
accurately measured cross sections of (d,3He), (e,e’p) and (3He,d) reactions on 206Pb, 205T] and 204Hg, all
relative to 208Pb, Together with the available mean-field interpretation of.the charge density differences
between these nuclei, their 3s-proton occupancies were derived. For 208Pb, a value of about 85% is obtained.
This result does not contradict the small absolute spectroscopic factors from (e,e’p) experiments provided
that short-range correlations produce high-energy tails of the spectral functions. But it suggests that
occasionally the effects of short-range correlations on ground-state occupancies may have been
overestimated. .

*This work has been funded by the German Federal Minister for Research and Technology (BMFT) under
contract number 06 Tii 460/1 and by a NATO travel grant,

1H. Clement, P. Grabmayr, H. Réhm and G. J. Wagner, Phys. Lett. B183 (1987) 12 and Nucl. Phys. A494
(1989) 244.

2G. J. Wagner, Prog. Part. Nucl. Phys., Vol. 24, in press.
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10:35 COFFEE BREAK

11:00
WA 4 Strong Nucleon-Nucleon Correlations in the Atomic Nucleus? The Issue of Absolute Spectroscopic Factors,
PETER K. A. DEWITT HUBERTS, NIKHEF-K, Amsterdam, The Netherlands.

Recent high-resolution data of the exclusive proton knockout reaction {(e,e’p) have provided evidence for
the importance of nucleon-nucleon correlations in atomic nuclei. Thus similarity of nuclei with a
correlated Fermi liquid rather than an uncorrelated Fermi gas of quasi-independent particles is
indicated. We discuss empirical evidence in terms of the mass dependence and sparation-energy
systematics of spectroscopic strength deduced from the exclusive (e,e’p) reaction. The validity of the
DWIA description of the mechanism of the (e,e’p) reaction is gauged by applying a sum rule technique
that combines values of relative spectroscopic factors with change density difference information
deduced from elastic electron scattering. A critical comparison with the findings of the proton pickup
reaction (e.g. (d,3He)) is then made. It is argued that spectroscopic results from the electromagnetic
and hadron reaction may be reconciled by employing proper information on the radial extension on the
bound state wavefunctions as deduced from the (e,e’p) data. In a comparison with correlated nucleon
many theory fair agreement is obtained.

11:40
WA 5 Nucleon-Nucleon Correlations from Pion Double Charge Exchange. W. R. GIBBS, Los Alamos National Laboralory.

Since the pion double charge exchange reaction requires that at least two nucleons be involved it provides
an excellent technique for probing two-nucleon correlations in the nucleus. For transitions to double
analog states, since the structure of the initial and final state is very nearly the same, the correlation
function of the two nucleons comes into the calculation twice, and the problem of distinguishing imtial-
from final-state correlations is virtually eliminated. Recent studies of the calcium isotopes have clearly
revealed the presence of correlation effects altering the relative cross sections by an order of magnitude.l
We are now approaching the point of being able to use absolute measurements of angular distributions to
extract the correlation structure of the valence neutrons and infer the shell model components. Up to four
basis states have been used at the present time,2 The shell model wave functions extracted with this
analysis agree reasonably well with those obtained from fitting the energy levels.

1Z. Weinfeld et al., Phys. Rev. C37, 902 (1988); Z. Weinfeld et al., Phys. Lett. B237, 33 (1990); N. Auerbach et
al., Phys. Rev. Lett. 58, 1076 (1987), Phys. Rev. C38, 1277 (1988).

2W. B. Kaufmann and W. R. Gibbs, Proceedings of the Second International LAMPF Workshop on Pion
Double Charge Exchange, Aug. 9-11, 1989.

SESSION 2
Chairperson: C. Ciofi degii Atti
14:00
WA 6 Correlation Effects in the Longitudinal and Transverse Response of the Nuclei. J. MORGENSTERN, CEN de Saclay, France.
X
= Separated response functions have been obtained in (e,e’) and (e,e’p) experiments on nuclei. We discuss

the kinematic conditions for the knock-out of one and two nucleons. A quenching of the longitudinal
response which increases with the density of the nucleus is observed in the quasi-elastic region; this can
be partially explained by correlations. The transverse response exhibits a one-body behavior for small
energy transfers i.e. u)<(oo=q§/2Mp. At larger energy transfers, contributions from two-nucleon
processes become more important réelatively to the one-body process. Evidence of electron scattering
from a correlated nucleon pair is observed in e,e’p reaction on 3He, 4He, 160 and in.e,e’'d reaction on SLi.
This phenomenon dominates the cross section when high momentum components (>300 MeV/c) of the
nucleon inside the nucleus are sampled.

14:40
WA 7 Scaling and Correlations in Nuclei.* D. B. DAY, University of Virginia.

The scaling of high ¢ inclusive electron scattering in the quasielastic region has received a great deal of
attention in the last 15 years.! As a result y-scaling is fairly well understood and it is possible to extract
information about the nuclear spectral function, S(k,E), from the behavior of the experimental scaling
function, F(g,y). In this talk, the derivation of y-scaling in the PWIA will be reviewed and a scahing analysis
for light and heavy nuclei presented. Scale breaking mechanisms and non-scaling contnbutions to the
inclusive cross section in the quasielastic region will be discussed. 3He will be mven special attention since,
in addition to the large body of data at high g, exact non-relativistic wave functions for the ground state are
available. A comparison of the scaling behavior predicted by theory with the experimental scaling function
for 3He at large values of y will be presented. This analysis? finds that experimental data shows g-
independence at much lower g, suggestive that the high-k strength in the spectral function is correlated
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with low E, in contradiction with the (e,e’p) results from 3He. Recent analyses3 will also be discussed’
which recognize the non-asymptotic g of experiment and the g-dependence of FSI interactions. These show
that n(k) derived from the asymptotic scaling function Fle,y) agrees well with the exclusive results.

*This work is supported in part by funds provided by the U.S. Department of Energy under contract #DE-
F}C]}0586ER40261 and by funds from the Commonwealth of Virginia Center for Nuclear and High Energy
Physics.

1D, B. Day, J. S. McCarthy, T. W. Donnelly, and I. Sick, preprint, MIT/CTP #1856 and UVA/INPP #90-13,
to be published in Ann. Rev. of Nucl. and Part. Sci., Vol. 40 (1990) and references therein, '

2C. Ciofi degli Atti, E. Pace, and G. Salme, Phys. Lett. 127B (1983) 303, D. B. Day, Proceedings of the Topical
Workshop on Two-Nucleon Emission Reactions, Isola d'Elba, Italy, 1989.

3C. Ciofi degli Atti, E. Pace and G. Salme, Nucl. Phys. A508 (1990) 349c.

15:10 COFFEE BREAK

15:30 Panel Discussion
W. BERTOZZI, MIT, M. MacFARLANE, Indiana University, E. MONIZ, MIT, V. R, PANDHARIPANDE, Unwersuty of Illinois
(convenor); J. SCHIFFER, Argonne National Laboratory; M. STRIKMAN, Leningrad.

Day, D.B.— WA7 Gibbs, W.R.— WAS5 Morgenstern, J.— WA6 Wagner, Gerhard J, — WA3
Dewitt Huberts, Peter K.A. — WA4 Mahaux, C. — WA2 Pandharjpande, V.R.— WALl

WORKSHOP ON OPPORTUNITIES WITH LOW-ENERGY ANTIPROTONS

Organizing Committee: R. A. Eisenstein, D. W. Hertzog (Chair), A. M. Nathan

The goa! of this workshop is to highlight the diverse and multidisciplinary physius problems that make use of the umque charavtenstics of antiprotons
in the sub-eV to multi-GeV range Atomic, nuclear, and high-encrgy physicists are involved in many current expenments as well as in the planning for
possible new facilities at CERN, FNAL, and KAON.

SESSION 1
Chairperson: G. A. Smith

9:00
WB 1 Ultra-Cold Antiprotons and Gravity Tests. M. H. HOLZSCHEITER, Los Alamos National Laboratory.

A fundamental experiment in gravity is the measurement of the gravitational force on antimatter.
Different attempts to develop a quantum field theory of gravity lead o the prediction of massive partners of
the tensor graviton as additional carriers of the force of gravity, therefore predicting a difference in the
acceleration of protons and antiprotons in the Earth’s gravitational field, and therefore a violation of the
Weak Equivalence Principle. The availability of low energy antiprotons at CERN has made such an
experiment feasible, and a proposal to carry out such a measurement has been accepted by the CERN
program committee.

We plan to use a time-of-flight technique similar to that pioneered by Fairbank and Witteborn in their
measurement of the gravitational force on an electron. Very slow particles are launched into a vertical
drift tube and the time-of-flight spectrum of these particles is recorded. This spectrum will exhibit a cut-off
point directly related to the gravitational acceleration of the particles. Obtaining very slow antiprotons
involves several stages of deceleration. Antiprotons from LEAR will be initially decelerated from 2 MeV to
tens of kilovolts by degrading their energy in a thin foil. After capture and cooling in a series of ion traps,
the antiprotons will be in a distribution with a temperature of a few degree Kelvin. These ultra-cold
antiprotons will then be released a few at a time into the drift tube. A detector will measure the arrival
time of the particles at the exit of the drift tube. H~ions, which have almost identical electromagnetic
properties to the antiprotons, will be used for comparison and as a calibration standard.

The different technical aspects of the experiment and the requirements on LEAR, as well as progress in the
different areas, will be presented.
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9:40
WB 2 A 1000-Fold Improvement in the Measured Antiproton Mass' (and Other Possible Measurements with Cryogenic Antiprotons),
G. GABRIELSE, Harvard University.

Comparisons of antiproton and proton cyclotron frequencies yield the ratio of inertial masses M(p)/M(p) =
0.999 999 985+0.000 000 042. The fractional uncertainty of 4x10-8 is 1000 times more accurate than previous
measurements of this ratio using exotic atoms and is the most precise test of CPT invariance with baryons.
Independent comparisons to electrons yield the mass ratios M(p)/M(e) = 1836.152 6380+0.000 083 and
M(p¥YM(e) = 1836.152 66010.000 088. Cryogenic antiprotons (near 4 K) stored in a Penning trap for 2 months
(much longer than reported for high energy storage rings) establish a storage lifetime longer than 3.4
months. This energy is more than 10 orders of magnitude lower than for the lowest energy antiproton
storage ring (LEAR at CERN). Other possible experiments with cryogenic antiprotons will be discussed.

1The mass measuremeni‘, is a collaboration with X. Fei, L. A. Orozco, R. L. Tjoelker, J. Haas,
H. Kalinowsky and T. A. Trainor.

10:20 COFFEE BREAK

10:40
WB 3 CP Violation in Hyperon Decay. G. A. MILLER, University of Washington.

A new approach to computing CP violating (CPV) observables in baryon processes has been developed.l
The idea is to use measured hadronic matrix elements (including the CPV kaon observables) to compute
Feynman graphs in terms of hadrons. By employing the hadronic basis one avoids the difficult steps of
obtaining the quark CPV parameters from the kaonic system and inserting these quark parameters into
the matrix elements involving the baryons. This hadronic approach is applied to computing.the neutron
electric dipole moment and to the differences between A and A decay observables. The numerical results
are similar to other approaches that use quark operators.

IM. J. Igbal and G. A. Miller, Phys. Rev. D., in press.

11:20
WB 4 High-Resolution Charmonium Spectroscopy at the Fermilab Antiproton Accumulator.
KAMAL K. SETH, Northwestern University.

The charmonium (c€) and the beauty-onium (bb) systems provide much of the empirical evidence for the
nature of the quark-quark interaction. Almost all our knowledge about these systems comes from ete-
collisions in which only the 3S;(1--) states are resonantly produced and are accessible to precision
measurements. Other states are populated by the decay of these 1 states and our knowledge about
them is comparatively limited and less precise. In contrast, in pp annihilation, which proceeds
through two and three gluons, all states (J<3) can be resonantly produced and studied with great
precision. At the Fermilab antiproton accumulator (T{P)<8 GeV) an experiment (E760*) has been
designed to study charmonium states by their resonant production in pp collisions. The stochastically
cooled circulating p beam interacting with a hydrogen gas-jet target provides a luminosity of ~1031 cm-2
sec! and a mass resolution of S 300 keV for masses $4.3 GeV. This makes it possible to measure widths
of narrow states [e.g., 3P1(X1)], identify states so far not seen [e.g., 1Pj, N¢], measure angular
correlations, look for exotic states [e.g., glueballs, 2@ states, ¢cC-nucleus bound states], etc. The
experiment, with its full operating detector is receiving beam presently. The first results and the future
plans will be described.

*E760 Collaboration: Fermilab, Ferrara, Genoa, Irvine, Northwestern, Penn State, and Torino.

SESSION 2
Chairperson: P. Barnes

14:00
WB 5 QCD Spectroscopy with Antiprotons: Glueballs, Exotics, and Hybrids. NATHAN ISGUR, CEBAF.

One of the greatest challenges in the study of QCD is to understand why the quark model is such a good
representation of low energy spectroscopy and to anticipate where and how it will break down. In
particular, the gluonic degrees of freedom of QCD must eventually play a role in spectroscopy (in the form
of glueballs and hybrids). There are also good reasons to expect that multiquark states play a more
important role in low energy hadronic interactions than normally imagined. I will discuss these issues
with special emphasis on the important role low energy antiprotons can play in the search for life beyond
the quark model.
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14:40
WB 6 Experimental Searchers for Glueballs, Exotics, and Hybrids at LEAR. R. LANDUA, CERN, Switzerland.

"Exotic" (non-g3) mesons are probably produced in p-p annihilation at rest and in flight, together with
"normal” (q) mesons. Evidence for the existence of exotic states is increasing, but since many of their
properties are similar to normal mesons, the final experimental proof is still missing. The present status
of the search and an outline of different and complementary experimental strategies to find the "smoking
gun” will be given.

3:30 COFFEE BREAK

15:40
WB 7 Antihyperon-Hyperon Production at LEAR.* FRANK TABAKIN, University of Pittsburgh.

Interest in antinucleon-nucleon reactions has been revitalized by the impressive experimental program at
the Low Energy Antiproton Ring (LEAR). A review of recent theoretical studies of pp—YY reactions, where
Y denotes the hyperons (A,Z and £) and Y antihyperons, will be presented. Antiproton-proton reactions
have many open channels and consequently large annihilation cross-sections. In addition to
understanding annihi}a&ion, the important problems are to unfold the basic strangeness production
mechanism, resonancq effects, initial and final state effects, coupled-channel and threshold phenomena.
Recent measurements of Bp—AA differential cross-sections, polarizations, and spin correlations, as well as
cross-sections for TA+ZA production, elastic scattering, charge exchange, and pion and kaon production
are all being pursued at LEAR. Theoretical understanding of these complex processes has been sought by
invoking either one hadron-exchange (r, K, N, Z, etc. exchange) or by quark-based models. The various
views and conclusions in the literature will be analyzed. In addition, recent results from a momentum
space coupled-channels (CC) model starting from the one-hadron-exchange mechanism, will be presented,
with emphasis on threshold, resonance, cusp effects and the interplay and competition among various
channels and comparison to recent data. Efforts to include quark dynamics at short distances will also be
discussed.

*Research supported in part by the U.S. National Science Foundation.

16:20
WB 8 Nuclear Tests of QCD Using Low-Energy Axtiprotons.! STANLEY J. BRODSKY, Stanford Linear Accelerator Center.

I will discuss several novel aspects of QCD which can studied in anti-proton annihilation processes in
nuclei: 1) Charm tbreshold phenomena and the production of nuclear-bound charmonium in p-
nucleus collisions; 2) exclusive antiproton reactions in QCD; 3) p-p annihilation into charmonium in
nuclei as a test of QCD color transparency; 4) probing high momentum components of nuclei using p
annihilation; and 5) formation zone effects, initial state interactions, and higher twist subprocesses in
P-p annihilation.

1Work supported by the Department of Energy, contract DE-AC03-76SF00515.

17:00
WB 9 New Machine Opportunities at FNAT. and KAON. F. E. MILLS, Fermi National Accelerator Laboratory.

Recent studies, at Breckenridge and elsewhere, have helped to define more clearly the physics to be done
with low energy antiprotons and the accelerators needed to carry out the experiments. At Fermilab, the
mature antiproton source needs to be augmented with at least two new rings to carry out, say, baryon-
antibaryon experiments to measure CP violation and to decelerate antiprotons for trap and antihydrogen
experiments. The deceleration ring needs low energy electron cooling, and an RFQ to decelerate to trap
capture energies. Similarly, although an antiproton accumulation system has not been designed for
KAON, studies for LAMPF II indicate that rapid cycling proton accelerators will be capable of providing
sources perhaps ten times more intense than those presently in operation.

Brodsky, Stanley J.— WBS§ Isgur, Nathan— WBS Mills, F.E.— WB9 Tabakin, Frank — WB7
Gabriclse, G.— WB2 Landua, R.— WB6 Seth, Kamal K.— WB4
Holzscheiter, M.H. — WBI Miller, G.A.— WB3
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HOTEL RESERVATION FORM

1990 Fall Meeting of the American Physical Society
Division of Nuclear Physics )

25-27 October 1990
Urbana, Illinois

(1) University Inn (10/23-10/27)

302 East John Street Single: $47 ____ Double: $54 ____
Champaign, IL 61820 ’
(800) 322-8282

(800) 252-1368 (within Illinois)

(2) The Chancellor Hotel (10/23-10/27) )
1501 South Neil Street Single: $47 _____ Double: $54 ____
Champaign, IL 61820
(800) 257-6667

(3) Days Inn-University (10/23-10/27)

1701 South Neil Street Single: $32 ____ Double: $32 ___
Champaign, IL 61820 (Special rate not available through 800#)
(217) 359-8888 .

The University Inn is within walking distance of Loomis Lab (meeting site). Shuttle
buses will be used for the other hotels, Rooms are available as indicated above. Please
indicate that you will be attending the meeting of the Nuclear Physics Division of the
American Physical Society in order to receive the special rates listed. All room rates will
be charged applicable taxes. All rooms will be held until 6 PM unless guaranteed for late
arrival.

Reservations should be made in advance by telephoning the hotel of your choice or by
mailing this form to the hotel (please, no checks). Please make your arrangements early
as the rooms will be released on September 19, 1990.

Name:

Affiliation:

Address:

City: State: Zip:

Daytime Telephone Number:

Arrival Date: Time:

Departure Date: Time:

I wish to share a room with;

(If another conference attendee is named here, this person also must send in a hotel form.)

Credit Card: Expiration Date:

(MC/VISA/AMER EXP) Number

Vol. 35, No. 8 (1990) 1638




PRE-REGISTRATION FORM

1990 Fall Meeting of the American Physical Society
Division of Nuclear Physics

25-27 October 1990

Urbana, Illinois
Surname/Family Name First Nameﬂ M.IL
Mailing Address
City State Zip Code Country

Telephone numbei where you can be reached during the day, including area code.
APS Meeting Pre-registration fee:
$ 80.00 for members (+$10.00 if received after 9/7/90)
$120.00 for non-members (+$10.00 if received after 9/7/90)
$ 10.00 for retired & students (+$10.00 if received after 9/7/90)

Workshop (Antiprotons) (Oct. 24) U.S. $20
(Fee waived for students)

Workshop (Correlations) (Oct. 24) U.S. $20
(Fee waived for students)

Banquet (Oct. 26) U.S. $30

Total
Form of Payment

We are unable to accept credit cards. Checks are to be made payable to DNP 1990.
Send this form along with your check to:
Ms. Penny Sigler
Conference Secretary
University of Illinois
Nuclear Physics Laboratory
23 Stadium Drive
Champaign, IL 61820
(217) 3333190 -

DEADLINE: 7 September 1990
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J/ UNITED AIRLINES

UNITED AIRLINES SPECIAL DISCOUNT RATES
FOR THE 1990 APS DIVISION OF NUCLEAR
PHYSICS FALL MEETING

Profile Number 444EZ

United Airlines is offering the attendees of the 1990 Fall Meeting of The American Physical So-
ciety SPECIAL DISCOUNT RATES to attend the upcoming meeting in Urbana, Illinois. These
rates are available through United Airlines as the official carrier for the 1990 Division of Nuclear
Physics Fall Meeting of the APS. They are offering the following discounts to our attendees:

40% Off Regular Coach Fare
5% Off Any Restricted Fare

To get these discounts, you need to use the following “Profile Number™ when booking your flight:

444E7.

&Y UNITED AIRLINES
These rates are subject to the advance purchase requirements of United Airlines, so book your
flight soon. These rates also are subject to the following restrictions:

—These offers are good only for travel to and from the Fall Meeting, from 21 October 1990
to 30 October 1990.

—These offers are good only for travel within the continental United States.
—Offers good on United Airlines and United Express Only!
Please call this toll free number 1-800-521-4041 between 8:00 AM and 11:00 PM.

Don’t forget—you must use the profile number (444EZ) to procure these special discounts.
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Program of the 1990 Annual Fall Meeting
of the Division of Nuclear Physics
Urbana-Champaign, Illinois; 24-27 October 199G

PREAMBLE

The Annual Fall Meeting of the Division of Nuclear Phys-
ics will be held 24-27 October, at the University of Illinois
at Urbana-Champaign. These dates include the Wednes-
day workshops. The hosts for these events are the Nu-
clear Physics Laboratory and the Department of Physics.
The meetings will be held at the Loomis Laboratory of
Paysics.

The Un.versity of Illinois is the academic home for about
35,000 students and abouc 2,000 faculty. The university
houses one of the nation’s premiere science and engineer-
ing campuses and provides education to about 5,000 un-
dergraduate science and engineering students. The phys-
ics department consists of about 70 members of faculty
and 300 graduate students, and its research comprises
condensed matter physics, nuclear and particle physics,
astrophysics, and biophysics.

The University is situated in east-central Illinols amidst
some of the world’s richest farmland. The towns of Urba-
na and Champaign have a population of about 100,000
people {exclusive of students), and are expanding and vi-
brant communities.

MEETING PROGRAM

The nieeting consists of six sessions of invited papers, one
. £ which is a plenary session, and 18 sessions of contribut-
~d papers. Speakers for two invited sessions have been
selected by the program committee, using nominations
from the DNP membership. These speakers have been
placed in the seccions on “New Jdeas on Old Preblems”
and “Exploring the Nucleus with Heavy Ions ” Two ses-
sions of invifed papers have been arranged by subcommit-
tees on topics selected by the program committee. One
session on ‘“‘Physics and Detectors at RHIC” has been ar-
ranged by S. Nagamiya. Another session on “Electromag-
netic Structure of L - 'ons” has been arranged by R. G.
Ainold., The local committee has arranged a session on
“Nuclear Astrophysics.”

The 191 contributed abstracts were arranged " 1to 18 ses

sions by J. M. Dairiki, K. T. Lesko, W. D. Meyers, and H.
G Ritter of LBL, and J. D. Anderson and R. W. Bauer of
LLNL. The chairpersons of the invited sessions have been
selected by the program ccmmittee. The arrangers select-
ed chairpersons for the contributed sessions mainly from
suggestions from the local committee. A plenary session
“Nuclear Physics in Society™ will be held on Thursday
afternoon. There will be a “Town Meeting' at 16.00 on
Friday afternoon.

Vol. 35, No. 8 (1990)

WORKSHOPS

Prior to the divisional meeting, two workshups will be
held on 24 October. A workshop on “Effects of Correla-
tions in Nuclei” has been organized by V. R. Pandhari-
pande, G. A. Baym, and C. N. Papanicolas. A second
workshop, “Opportunities with Low-Energy Antipro-
tous,” has been organized by D. W. Hertzog, R. A. Eisen-
stein, and A. M. Nathan. '

PLENARY SESSIOM

The Plenary Session at the divisional meeting will address
a new set of issues this year. Under the general title of
“Nuctear Physics in Society,” the session will examine
areas in which nuck.ar physics has had, or is having, an
important role to play in society at large. The session will
begin on Thursday, 25 October, at 13:30 in the Foellinger
Auditoriuh on the University of Illinois campus. The
three speakers and their topics will be Sidney Drell (Stan-
ford University), “Nuclear Physicists and Nuclear
Weapons”’; Paul DeLuca, Jr. (University of Wisconsin),
“Recent Advances in the Use of Particle Accelerators for
Radiation Therapy”; and Hans Bethe (Cornell Universi-
ty), “The Importance of Nuclear Power.” Each talk will
be 40-minutes long with 15 minutes for questions at the
end.

DEPARTMENT COLLOQUIUM

At the close of the Plenary Session, the Foellinger Audito-
rium will be the site of the normal physics department col-
loquium, which for this date is being given in conjunction
with the divisional meeting. John Bahcall of the Institute
for Advanced Study in Princeton will discuss ‘“‘Solar Neu-
trinos.” This talk is linked 10 the invited session
scheduled for the next morning on the topic of nuclear as-
trophysics.

BUSINESS MEETING/TOWN MEETING

Ay part of & continuing effort to provide timely informa-
tion to the DNP membeiship and to provide a forum for
public comment on issues that affect our field, the division
will hold a one-hour “town meeting” style business meet-
ing at 16.00, Friday afternoon. Reports on recent happen-
ings of interest to the DINP, a report on recent NSAC ac-
tivities, and updates from the funding agencies will be
presented.
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USERS’ GROUP MEETINGS

The ATLAS Users’ Group Meeting will be held at 18:00,
Thursday, 25 October, in Room 209 of the Illini Union

The CEBAF Users' Information Meeting will be at 1800,
Thursday, 25 October; preceding this there will be a
CEBAF Users’ Social at 17:30. Both events will be held in
Room 314A of the Illini Union.

The Indiana University Cyclotron Facility (IUCF) User's
Group Meeting will be held at 18.00, Thursday, 25 Oc-
tober, in the General Lounge of the Illini Union.

There will be a meeting at 18.00, Thursday, 25 October, in
Room 314B of the Illini Union to discuss a Radioactive
Ion-Bew.n Facility Users’ Group. A status report will be
given by the steering committee, and a Users’ Group will
be formed. (See DNP Newsletter, No. 83, July 1990, for
more details.)

Bates Users’ Group Meeting will be held at 17:00, Friday,
26 October, in Room 136 of the Loomis Laboratory of
Physics.

The Michigan State University National Superconducting
Cyclotron Laboratory (MSUNSCL) will have a Users’
Group Meeting at 17:00, Friday, 26 October, in Room 158
of the Loomis Laboratory of Physics.

HHRIF will have a Users’ Group Meeting at 17:00 on Fri-
day, 26 October, in Room 144 of the Loomis Laboratory
of Physics.

HIGH SCHOOL TEACHERS’ DAY

The Division of Nuclear Physics in concert with the Edu-
cation Office is planning a special day for high school
teachers on Thursday, 25 October. The program will con-
sist of lectures by noted physicists and demonstrations by
high school teachers for high schoolers. A luncheon and
handout materials are planned.

PARKING

Limited free par. . _ s available in Lot B13 at the corner
of Springficld Avenue and Gregory Street. These spots are
wtended for those who arrive via car. Others should use
the shuttle bus service.

SHUTTLE BUS SERVICE

Shuttle buses will be available to transport people from the
Days Inn University, the Chancellor Hotgl, and the Uni-
versity Inn to the conference site. Detailed information
{time schedule and bus stop locations) will be included in
the registration packet.

RECEPTION AND BANQUET

A welcoming reception is planned for Wednesday evening,
24 October 1990, from 20.00-23.00 at the University Inn.
A banquet is planned for Friday, 26 October 1990, at the

Illini Union. A cash bar reception will precede thé ban-
quet in the South Lounge of the Illini Union.

No formal companion’s program is offered during the
meeting, but information about cultural and sporting ac-
tivities and about sights of interest in the surrounding area
will be available. '

REGISTRATION

The preregistration fees are $80 for APS members, $120
for nonmembers, $10 for retired and student members,
and $20 for workshop attendance (fee waived for stu-
dents). A late fee of $10 will be added after 7 September
1990. The preregistration form is located on page 1639.

Registration will begin at 8:00 in the southwest lobby of
the Loomis Laboratory of Physics for both workshops on

" Wednesday, 24 October. Registration also will take place

at the Welcoming Reception, Wednesday evening, 24 Oc-
tober, at the University Inn. Registration will continue on
Thursday, 25 October, at 8:00 in the Loomis Laboratory
of Physics.

TRAVEL AND LODGING

Urbana is located approximately 140 miles south of Chi-
cago and 120 miles west of Indianapolis. It is served by
the University of Ilinois Willard Airport. There are fre-
quent connecting flights between Champaign-Urbana and
St. Louis, Chicago (both O’Hare and Midway), and Day-
ton, OH airports. We have made arrangements with Unit-
ed Airlines for special discount fares for this meeting. In
addition to offering 40% off regular unrestricted coach
fares, United also will discount restrictive fares by 5%. To
reserve these fares, call UInited at 1-800-521-4041 and use
the profile number 444EZ reserved for attendees of this
meeting. The University of Illinois is only 10~15 minutes
from Willard Airport and limousine service is both
efficient and available at all times. Rental cars also are
available. Urbana is approximately 24 hours by car from
Chicago, 2 hours from Indianapolis, and 34 hours from St.
Louis.

A block of rooms has been reserved at three local hotels
for conference attcndees and their guests at a special rate
(plus applicable taxes). To obtain these special prices, tele-
phone the hotel of your choice or mail the reservation
form on page 1638 to the respective hotel by the 19 Sep-
tember 1990 deadline.

LOCAL COMMITTEE

Members of the local organizing committee are C. N.
Papanicolas (Chairman), G. A. Baym, R. A. Eisenstein, D.
W. Hertzog, A. M. Nathan, and V. R. Pandharipande.
For further information, please contact the conference
coordinator: Ms. Penny Sigler, University of Illinois, Nu-
clear Physics Laboratory, 23 Stadium Drive, Champaign.
IL 61820. Telephone: 217-333-3190; FAX. 217-333-
1215; BITNET: SIGLER @UIUCNPL.
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EPITOME

(Chairpersons are in parentheses. Names without initials
indicate invited speakers. Meeting Rooms 136, 141, 144,
151, and 158 are in the Loomis Laboratory of Physics.)

WEDNESDAY EVENING
20:00-23:00 Registration and Reception. Concorde
Room, University Inn.

THURSDAY MORNING
9:00 AA Physics and Detectors at RHIC.
Ledoux, Ludlam, Satz, Harris. (G.R.
Young). Room 141.
AB Low-Energy Heavy-Ion Reactions. (Di-
Gregorio). Room 151.
AC Nuclear Structure I: A4<100. (M. A.
Deleplanque-Stephens). Room 144.
AD Neutron Physics. (S. Grimes). Room
136.
AE Theory I: Structure. (V. R. Pandhari-
pande). Room 158.

THURSDAY AFTERNQON

13:30 PA Plenary Invited Session: Nuclear Physics
in Society. Drell, DeLuca, Jr., Bethe.
(R. A. Eisenstein). Foellinger Auditori-
um, University of Illinois.

16:30 Department Collogquium. Bahcall. (G.
Baym).

THURSDAY. EVENING

18:00 Atlas Users’ Group. Illini Union, Room
209,

18:00 CEBAF Users’ Group. Illini Union,
Room 314A (17:30 Social).

18:00 IUCF Users’ Group. Illini Unicn, Gen-
eral Lounge.

18:00 Radioactive Ion Beam Facility Users’

Group Formation Mecting, Illini Union,.

Room 314B.

FRIDAY MORNING
9:00 BA Nuclear Astrophysics. Turner, Lattimer,
L.amb, Nagle. (G. Baym). Room 141.

BB Instrumentation 1. (R. Laszewski).
Room 151.
BC Nuclear Structure II: A>100. (D.

Balamuth). Room 144,
BD Polarization and Few Nucleon. (H.

Weller). Room 136.
BE Theory II: Reactions. (J. Vary). Room
158.

FRIDAY AFTERNOON
13:30 CA New Ideas on Old Problems. Mitchell,
Chupp, Weller, Magnon. (B. Clark).
Room 141.
CB Intermediate Energy Heavy-Ion Reac-
tions. (G. Westfall). Room 151.

CC Instrumentation  IIL (P.  Debevec).
Room 144,
CD Nuclear Reactions. (C. Goodman).
Room 136.
16:00 PB Town Meeting. Paul, Hendrie. (J. Ball).
Room 141. ’
17:00 Bates Users’ Group, Room 136.
17:00 MSUNSCL Users’ Group, Room 158.
17:00 HHRIF Users’ Group, Room 144,
FRIDAY EVENING
18:00 Cash Bar. Illini Union, South Lounge.
19:00 Banquet. Illini Union, Rooms A, B, and
C.

SATURDAY MORNING
9:00 DA Electromagnetic Structure of Baryons.

Filippone, Bosted, Carlton, Mukho-
padhyay, Nathan. (R. G. Arnold).
Room 141.

DB High-Energy Heavy-lon and pj Reac-
tions. (T. Ludlam). Room 151.

DC Weak Interactions, Fundamental Sym-
metries, and Novel Nuclear Phenomena.
(D. Beck). Room 144,

DD Nuclear Astrophysics and Radioactive
Beams. (C. N. Papanicolas). Room 136.

DE Theory III: High Energy. (J. M. Latti-
mer). Room 158.

SATURDAY AFTERNOON
14:00 EA Exploring the Nucleus with Heavy Ions.
Robinson, DiGregorio, McVoy, Vary.
(C. Gossett). Room 141,
EB Electron Scattering. (M. K. Brussel).

Room 151.

EC Giant Resonances. (S. Williamson).
Room 144,

ED Theory IV: General. (D. G. Ravenhall).
Room 136.
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Thursday Morning
MAIN TEXT

INVITED SESSION AA: PHYSICS AND DETECTORS AT RHIC
Thursday morning, 25 October 1990; Room 141, Loomis Laboratory at 9:00; G. R. Young, presiding

9:00 '
AA 1 What Have We Learned from the Heavy-Ion Collisions at the BNL-AGS and CERN-SPS?
ROBERT LEDOUX, Massachusetts Institute of Technology.

Relativistic heavy ion beams have been available at Brookhaven National Lab
(14.6 GeV-A, 160 and 28Si) and CERN (60-200 GeV-A, 160 and 32S) since 1986. A
review of the data obtained from a wide variety of experiments will be given
with particular emphasis on resultc which are not easily explained as an
incoherent superposition of p+p collisions. Driving the study of these heavy-
ion collisions is the expectation that a new state of matter, a Quark-Gluon
Plasma (QGP), might be observed. The latest results from these experiments
will be presented and evaluated wi.h respect to proposed signatures of plasma
formation.

9:36
AA 2 Overview of the RHIC Project.* T. LUDLAM, Brookhaven National Laboratory.

The Relativistic Heavy Ion Collider (RHIC) project at Brookhaven is scheduled
to start construction in 1991 and is expected to begin carrying out
experiments by mid-1997. A high enexgy collider for heavy ion beams, the RHIC
facility will collide the heaviest nuclear beams at center-of-mass energies up
to 200 GeV per nucleon, providing the means for studying new phenomena in
nuclear matter at extreme conditions of temperature and density.

As preparations are made to begin construction of the accelerator and its
detectors, R&D for the project has been underway since 1987, supported by the
U.S. Department of Energy. This past April, Brookhaven Laboratory issued a
call for Letters of Intent for experiments at RHIC, and a community-wide
effort is now in progress to design experiments and develop detector
techniques for the project.

This talk will describe the basic physics issues which RHIC is intended to
address, and the corresponding design and performance goals for the machine.
The status of R&D work on the major components of the machine, expecially the
superconducting magnets will be adressed, as well as other accelerator issues
which relate to the ultimate performance of the collider. The detector R&D
program will be discussed, as will the status of Brookhaven's plans for
implementing the research program at RHIC.

*Work performed under the auspices of the United States Department of Energy
under contract DE-AC02-76CH00016.

10:12
AA 3 Theoretical Insight of RHIC Physics. H. SATZ, CERN.

10:48 .
AA 4 Prospective RHIC Experiments: Physics, Detectors and R&D. JOHN W. HARRIS, Lawrence Berkeley Laboratory.

With the prospect of a Relativistic Heavy Ion Collider on the horizon, physics interests have been discussed and colla-
borations have formed to pursue various experiments. These experiments include. a large solid angle lepton (muon and
electron) pair experiment to search for a predicted suppression of the J/ y resonance in a quark-gluon plasma, an electron
pair experiment to measure low mass pairs to study effects of chiral symmetry restoration in addition to J/ y production,
spectrometers of sma!l and large solid angle (up to A £ = 1 sr) to study particle production in detail via spectra and corre-
lations, large acceptance tracking experiments to study aspects of particle production on an event-by-event basis, large
aweptance calorimeter experiments to measure energy density and jet production, as a means of studying the propagation
of quarks and gluons through hadronic and quark matter; an experiment to measure photons produced directly from the
plasma, and various experiments of smaller scale studying specific aspects of plasma formation. With the possibility of
RHIC experiments in 1997, there is a large amount of research and development work necessary before effective design
and fabrication of experiments can take place. An overview of prospective RHIC experiments and their respective physics
goals will be presented. Areas of immediate need for research and development (R & D) projects and progress onR & D
projects already underway will be pointed out.

*This work was supported by the Director, Office of Energy Research, Division of Nucléar Physics of the Office of High
Energy and Nuclear Physics of the U.S. Depar.aent Of Energy under Contract DE-AC03-76SF00098
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Thursday Merning

SESSION AB: LOW-ENERGY HEAVY-ION REACTIONS
Thursday morning, 25 October 1990

Room 151, Loomis Laboratory at 9:00

D. DiGregorio, presiding

9:00

AB1 Spin Distributions in Heavy Ion Fusion-fission
Reactions” B. B. BACK, R. R. BETTS, P. FERNANDEZ,

B. G. GLAGOLA, T. HAPP, AND D. HENDERSON, Argonne
National Laboratory, Argonne, IL, H. IKEZ0E, J.A.E.R.I,
Ibaraki-ken, Japan, Ph. BENET, Purdue University, West
Lafayette, IN. Fassion fragment angular distributions
have been measured for the reaction 160+232Th at beam
energies of 78.2, 82.2, 86.6, and 100.6 MeV. 1In this
experiment, it was possible to determine the relative
contributions of fragments from both the fission decay
of the completely fused 248Cf system, and the
sequential fission decay of nuclei in the Th region,
populated in inelastic scattering and/or transfer
reactions on the Th target. This separation was made
possible by using time-of-flight measurements. It was
found that fragments from fission of 248Cf showed .
somewhat smaller engular anisotropy as compared with
earlier measurements in which the sequential fission
component was not excluded. The anisotropies found in
the present experiment are, however, even with this
correction, somewhat larger than expected on the basis
of theoretical models.

*This work was supported by the U.S. Department of
Energy, Nuclear Physics Division, under contract
W-31-109-ENG-38 and DE-FG-02-87ER40346.

9:12

AB2  Gamma-ray Multiplicity Distributions in the
Sub-Barrier Fusion of 1804153145 m « A, H. WUOSMAA, B.
B. BACK, Ph. BENET, R. R. BETTS, M.P. CARPENTER, P.B.
FERNANDEZ, B. G. GLAGOLA, T. HAPP, R.V.F. JANSSENS,
T.L. KHOO, F. SCARLARASSA, Argonne National Labora-
tory — We have measured 4 -ray multiplicity distributions from
the fusion of *0 and 152144Sm at energies near and below the
Coulomb barrier. Evaporation residue-v-ray coincidences were ob-
tained at five energies ranging from Ey,,=80 to 60 MeV. Evapora-
tion residues were separated from the beam using an electrostatic
deflector and detected using 2 25 element silicon detector array.
Discrete-line 7 ray data and « -ray multiplicity information were
obtained using the Argonne-Notre Dame BGO ~-ray spectrome-
ter. An analysis of discrete-line data as well as y-ray multiplicity
distributions will be presented.

* Supported by the U.S. DOE, Nuclear Physics Division, under
contract W-31-109-ENG-38.

9:24

AB3  Refractive Effects in '°C +'*N Elastic Scattering
at 20 MeV/nucleon M E BRANDAN, S, SOBERANO, E BELMONT-
MORENO, A.MENCHACA-ROCHA, Instituto de Fisica, U.N.A.M.,
Mexico D.F., M.GONIN, R.WADA, and J.NATOWITZ, Cyclotron
Institute, Texas A8M University, Co}lege Station, Texas.
The elastic scattering of 280 MeV YN off *°C has been
measured using a beam from the new K-500 cyclotron at
TAMU. The angular distribution, up to 38° in the c.m.,
displays a Fraunhofer crossover followed by an
structureless falloff. The optlical model analysis, using
phenomenological and folding model (DDM3Y effectlive
interaction) potentials, indicates important nuclear
refractlve contrlbutlons to the scatterlng, but cannot
resolve the ambiguity between weakly- or strongly-
absorbing potentlals. The consistegcy of thesg results
with others recently obtained for Y20 °41%c and ¢ +'%

at similar energies will be discussed.
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9:36
AB4 Alpha-particle emission from the *25 + Mg reaction.
F.W. Prosser, A.T. Hasan, and S.J. Sanders, University of Kansas,

D.G. Kovar, B.B. Back, C. Beck, D.J. Henderson, R.V.F. Janssens,
and T.F. Wang, i .—The spectra of al-
pha particles emitted in the interaction of *?S + #*Mg have been ob-
tained at E(%?S) = 121 and 142 MeV. These spectra are being com-
pared with predictions of the Monte-Carlo, statistical-evaporation
code PACE. The resulis of these comparisons, at energies where
incomplete momentum-transfer processes are expected to be neg-
ligible, will serve as calibration standards for use in the analysis
of planned higher energy experiments where significant incomplete
fusion is expected. Alpha-heavy-residue coincidence spectra have
also been obtained to further constrain the analysis. This work was
supported by the U.S. Department of Energy, Nuclear Physics Divi-
sion, under Contracts DE-FG02-89ER49506 and W-31-109-Eng-38.

9:48

AB 5 Light Particles, Fission Fragments, and Evaporation Residues
from _?3Sj 4. 1215b Reactions at 344 MeV C. COPI, P.A. DEY-
OUNG, J. SARAFA, Hope College, M. KAPLAN, P. KAROL, D.
MOSES, W. PARKER, E. VARDACI, Carncgie-Mellon U., G. GIL-
FOYLE, U, of Richmond, and E. REHM, Argonne Nat. Lab. -We
have studied the decay of M°Tb" nuclei produced at an excitation
energy of 240 MeV by the reaction 344-MeV 285i 4 121Sb at the AT-
LAS facility. Light charged particles and fission fragments were mea-
sured using Si telescopes and time-of-flight, and evaporation residues
were detected in a split-pole magnetic spectrograph which served to
climinate contamination from other reaction products. In addition to
singles measurements, coincidences were recorded between light par-
ticles and fission fragments, light particles and evaporation residues,
and light particles and other light particles. The combination of sin-
gles data with the various coincidence measurements provides strong
constraints on the analyses of the de-excitation channels, and ylelds
insight into the de-excitation mechanisms of hot nuclei.

This work was supported by the NSF and the DOE

10:00
AB6  Light Particle - Light Parucle Correlations from S + 27Al
Reactions at 105 and 215 MeV J. SARAFA, P.A. DEYOUNG, C.

GELDERLOOS, R. SEDLAR, Hope College*, R.L. MCGRATH, G.
GILFOYLE, and V. DATAR SUNY, Stony Brook{ -We have mea-
sured small angle correlations between ight particles (p,d,t,a) at the
two beam energies of 105 and 215 MeV for the 325 4 27 Al system.
As for easlier work!, at these energies and at the angles chosen for
the detectors, significant numbers of light particles originate from
statistical emission from a compound nucleus. Thus the measured
correlation functions should reflect source sizes and time scales con-
sistent with a long lived, relatively large emitter. The results of p-p
and p-d correlation functions will be compared with the results of
a model based on statistical emission. The small angle correlation
functions will also be compared to the results from earher worh.
+Supported by the NSF and by a Willlam and Flora Hewlett Grant
of Rtesearch Corporation.

{Supported by the NSF and the DOE

1P.A. DeYoung, et al., Phys. Rev. C41, R1885 (1990).

10:12

AB7 Cross Sections of Intermediate Masses from 60 4 27Al
Reactions at 140 MeV P.A DEYOUNG, C. COPY, Hope Colleget,
L.L LEE,Jr, R.L. MCGRATH, A.L. CARALEY, W.J. KERNAN,
C.F. LIANG, and J.C. MAHON SUNY, Stony Brookt -We have
measured 7% for particles of mass 1 to mass 12 from the *°0 -+ #7Al
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system at 140 MeV. The narruw timing properties of the SUNY-
Stony Broukh LINAC made it poussible to dcterimine mass fiom time
of flight with single elemcut Si detecturs. Tle single element con
figuration resulted in eneigy thresholds which ranged from 1.5 MeV
for mass 1 to 5 MeV fur wass 12 (primarily limited by the flight
path) and the angle rauge covered was 30° to 175° The eaperimen-
tal configuration was uptimized to measure emission of these masses
from the compound nucleus The implications of these results for un
derstanding the pieviously measuted' currelation functions involving
the breakup of particle unbound resonant states will be discussed.
{Supported by the NSF

1P.A. DeYoung, et al., Phys. Rev. C41, R1885 (1990).

10:24
AB8  Selective population of states in ?2Si from the symmetric
fission of SNi, S.J. Sanders, F.W. Prosser, University of Kansas,
B.B. Back, Ph. Benet, R.R. Betts, M.P. Carpenter, D.J. Hen-
derson, R.V.F. Janssens, T.L. Khoo, F. Moore, F.L.H. Wolfs,
AH Wuosmaa, i , and K.B. Beard,
Iniveisity, —We have studied the population of states
in 285i produced in the 3?S+%4Mg reaction at Ejp(*2S) = 120 MeV.
Particle-y coincidences were measured using the Argonne-Notre
Dame -ray facility. S identification was achieved by detecting
in coincidence both fragments from the binary breakup of the 5Ni
compound nucleus. Two 20 cm x 20 cm position-sensitive, multi-
wire proportional counters, located on opposite sides of the beam
axis at $+35°, were used for the particle detection. The positioning
of these detectors at large angles selects events where the 2°Si frag-
ments are fully energy damped. Coincident 7-rays were detected
using eight Compton suppressed Ge detectors and a 42 element,
close-packed array of BGO detectors. A non-statistical population
of states in the 28Si fragments is observed. The implications of these
results on our understanding of the structure of the scission con-
figuration will be discussed. This work was supported by the U.S.
Department of Energy, Nuclear Physics Division, under Contracts
DE-FG02-89ER40506 and W-31-109-Eng-38.

10:36

AB9 Energy Dependence of Quasi-Elastic
Transfer Reaction in the 354-*Nb System *, J. F. Liang,
J. C. Mahon, A. A. Soler, R. J. Vojtech, and L. L. Lee,
Jr S.UN Y. at Stony Brook Energy integrated differential
cross sections heve been measured for few- nucleon transfer reac-
tions in 3§ + *Nb at laboratory S energies of 116 MeV (the
Coulomb Barrier) and 140 MeV. Mass identification of the sulfur
-like reaction products was obtained through time-of-flight, using
the bunched LINAC beam as time reference. Where possible 2
identification was also made by using AE-E tclescopes. These
measurements can be combined with our carlicr results! ! at other
near-barrier energies to provide a picture of the energy evolution
of these reactions. Companison will be made with the predictiuns
of DWBA calculations and other approaches to describing the re-
action mechanism.

Work supported by the National Saence Foundation
13, F. Liang et ol. Bull. Am. Phys. Soc. 34,1808 (1989)
R. B. Roberts ¢t al. Bull. Am. Phys. Soc. 34,1809 (1989)

10:48

AB 10 Quasielastic Scattering and Transfer Reactions for
200ph 4 5yUr K.G. HewMer, C.Y. Wu, D. CLiNg, E.G. VoGr,
W.J. KERNAR, A.E. Kavha Unucersity of Rochester, M.A. STOYER,
M.A. DeLEPLANQUE, R.M. DiaMoxD, M. LEE, A.O. MACCHRIAVELLI,
R. McDoxatp, J.O. Rasmussen, F.S. Steenens LBL, anp X.T.

“reaction 15 MeV/u YAr +

Thursday Morning

Liv, Unwersity of Tenessee—Thereaction 2Pb+4-235U at a beam energy
of 1394 MeV was studied using LBL's SuperHILAC and 14 Comipton-
suppressed Ge detectors. In the one-neutron pickup reaction 25U (2%Pb,
207Pb)234Y, spin states up to 28%(30%) were identified from y — 7 co-
incidence spectra. Evidence for a band crossing is noted in the spin 20
region. A companson is made with the transferred angular momentum
in the inelastic excitation and in the one-neutron transfer 4 — 7 coinci-
dence spectra, with those of a previous experiment! using Ni as the
projectile. Results will be compared with semiclassical calculations of
the inelastic populations for each projectile.

*This work supported by the NSF and DOE
1C.Y. Wu, X.T. Liu et. al. Phys. Lett. B 188 25 (1987)

11:00

AB 11  Evaporation Residues at E” ~ 400 MeV.% R. A ESTERLUND,
S. BEIERSDORF, M. KNAACK, B. JACKEL, W. WESTMEIER, P. PATZELT, F.P.
HEBBERGER AND V. NINOV, Institut fii chemie

Darmstadt. - Using offline gamma-ray spectrometry together with
the velocity separator SHIP at GSI, we have measured cross sections
and angular distributions for evaporation residues (ER) in the
1945m. The compound nucleus (CN)
193He has an initial excitation energy of ca. 400 MeV. The gaussian-
like ER mass-yield distribution has its centroid at A = 160 and an
area of ca. 1.9 mb. When corrected by the calculated SHIP efficiency
€ = 0.04, this gives a total deduced ER cross section of ca. 48 mb (fp,
= 33). The product moving-frame angular distributions as well as
genetic analyses of parent-daughter decay curves indicate that
products with' A > 160 are pure ER, whereas lower-mass product
yields require small corrections for deep-inelastic contributions. As
empirical systematics derived for much lower energies predict an I,
= 35 for 1%*Hg, we consider our deduced ER yield to be surprisingly
large. Such data might be explained by an initial de-excitaticn stage
of the CN in which sizeable nucleon emission multiplicities provide
sufficiently fast cooling so as to prevent fission.

§ Research supported by the BMFT, contract number 06 MR 107.

112

AB12 Study of fission dynamics via prompt
muon-induced fission. V.E. OBLRACKER, A.S.
UMAR, J.C. WELLS, Vanderbilt Univ., J. WU, M.R.
STRAYER, C. BOTTCHER, ORNL.* -- Prompt fission
of actinide nuclei induced by muon beams allows
us to study the nuclear viscosity during
fission. Following atomic muon capture, the
inner-shell transitions may proceed by inverse
internal conversion, i.e. the muonic excitation
energy is transferred to the nucleus. In
actinides, the 2p->1s and 3d->1s transition
energies are of order 6.5 - 10 MeV and result
in excitation of the El1 and E2 giant resonances
which act as doorway states for fission. We
solve the time-development of the mnuonic
wavefunction (4-spinor) in the Coulomb field of
the fissioning nucleus, using a 3-d lattice
representation of the Dirac equation. The muon
attachment to the light fission fragment is a
measure of the nuclear viscosity between saddle
and scission point.

* Supported by grants from DOE and the National
Center for Supercomputing Applications (NCSA)

Supplementary papers

AB13 Search for Berry's Phase Effects in Rotational
Nuclei? K.G. Hetmer, C.Y. Wy, D. Cutvg, A.E. Kavka, W.J.
Kernan, E.G. VoGt University of Rochester, M.W. GuipRry, X.L.
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HaN, R.W. Kixcamp, X.T. Liv, H. SCHECTER University of Tenessee,
J.O. RAsMUSSEN, A. SHIHAB-£LDIN, M.A. STOYER LBL, AND M.L

HALBERT, 1.Y. Leg, ORNL—1he idea of diabolic pair transfer has re-
cently been of great interest and has been explained! as a manifestation
of Berry's Phase in rotational nuclei. An experiment has been performed
to look for evidence of this effect in the rare-earth region. The reaction
156Gd +20€ Pb at a beam energy of 888 MeV was studied using the
Spin Spectrumeter, the scattered ions were detected in cuincidence with
the deexutation 7 rays. Filieen Compton-suppressed Ge deteclors were
used. Data fur both two-neutron pickup and stripping reactions (leading
to 138154G () was analyzed. The results will be presented and compared
with the predictions of a semiclassical calculation that includes CHFB
form factors.

*This work supported by the NSF and DOE
tR.S. Nikam and P. Ring, Phys. Rev. Lett 58 980 (1987)

AB 14 Variation of Fissionlike An:_;l_xlar-Distrjbutigg Anisotropies
with Exit-Channel Mass Asymmetry.S R. A. ESTERLUND, M. KNAACK,

B. JACKEL, W. WESTMEIER, an¢ P. PATZELT, Institut fiir Kernchemie
Marburg. - The dependence of the angular distribution anisotropy
A, = W(0°, 180°)/W(90°) for fission/fissionlike processes on exit-
channel product mass asymmetry « has been determined for the
systems 5.2 MeV/u 40ar 3 165Ho, 1817y, As in the system 5.3, 7.5
MeV/u 40Ar + Av, we observe an increase in A with increasing
} |, although not as pronounced as in the latter system As before,
asymmetry about 90° in the rest frame is observed at large | a|, even
though the corresponding mass bins lie within the symmetric
component. Comparisons of Transition-State Model (TSM) and
Statistical Scission Model (SSM) predictions for A, with cata at
mass symmetry show overall good agreement, in contrast to the
system 40ar + 19754, Some measurements elsewhere of gamma
multiplicities as a function of fission product mass show a decrease
with increasing |a], which correlates with a decrease in exit-
channel product spin I¢ with |a]. This decrease in It can in turn be
correlated via the SSM with an increase in A, which is consistent
with our observations on the behavior of A, with |el.

§ Research supported by the BMFT, contract number 06 MR 107.

SESSION AC: NUCLEAR STRUCTUREL: 4<100
Thursday morning, 25 October 1990

Room 144, Loomis Laboratory at 9:00

M.-A. Deleplanque-Stephens, presiding

9:100

AC] Ihg (QBe SBQ) nggsig‘n on 9§g lOE lln gnd
12¢.* 1 M. COMER, E.L. REBER, S.M. AZ1Z, and K.W.
KEMPER, Floxida State U. and J.D. BROWN, Princeton U --

The possibility that the isolated single peaks observed
in the (p,x+) reaction! around 22 MeV in excitation in
13C, 14C and 15N are T, states has led us to investigate
the (°Be,®He) reaction. This reaction can populate
these states if the three particle transfer is not
clustor-like. Data have been taken at bombarding
energies of 40 and 73 MeV. The differential cross
sections range from & high of 80ub/sr on %Be to about
10pb/sr on 12C. The 0%, T-1 state at 2.31 MeV in 14N is
not observed. Spectra for all ejectiles from 19Be down
to ‘He will be presented.

1. E. Korkmaz et al., Phys. Rev. C40Q,
Aziz, Ph.D. Dissertation (1988).

813 (1989); S.M.

*Work supported by the National Science Foundatiun.
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9:12

AC?2 The 31-forbidden Gamov-Teller Decay of 39%Ca.
B. HAGBBRG, T.K. ALBXANDER, G.R. DYCK, V.T. KOSLOWSKY,
G.C. BALL, J.S. FORSTER, J.C. HARDY, H. SCHMEING, Atomic
Bnergy of Canada Limited. J.R. LEBSLIR and H.-B. MAK,
Queen's University. --- The s decay from 39Ca to the
first excited state in 39K is 1 forbidden (0d3/2 -
1s1/2). It can thus proceed only through second order
effects such as core polarization, meson-exchange
currents and delta excitations in the nucleus. The same
is true for the Ml transition connecting the first
excited state in 39K with the ground state (ls1/2 -
0d3/2); in fact a comparison between the Ml and GT
transitions provides a powerful constraint on the theory
behind these second order effects.

At present, theory and experiment do not agree.
There are several consistent sets of data on the Ml
transition but only one measurement of the GT matrix
element. We are therefore in the process of re-measuring
the GT transition. The difficulty in this experiment is
that a very weak branch (~2x10-5) has to be measured in
the presence of the dominating ground-state decay branch.
Care has to be taken to minimize the y-ray background
generated by this strong transition. Our experimental
procedure will be outlined and a status report on the
experiment vill be given.

9:24

AC3 MA EA EM N T HA
NEUTRON-RICH NUCLEI* X.G. Zhou, X.L. Tu, V.G. Lind,
Utah St. U., D.J. Viecira, J.M. Wouters, Los Alamos Nat, Lab.,
Z.Y. Zhou, Nanjing U. & Los Alamos Nat. Lab., H.L. Seifert,

U. Giessen & Los Alamos Nat. Lab. The masses of several neu-

tron-rich nuclei for the isotopes of neon through argon have been
measured using the TOFI recoil spectrometer located at LAMPF.

The nudlei were produced via the bombardment of a 1 mg/cm®

ne{Th target with 800MeV protons. Two fast timing detectors
at the entrance and exit of the TOFI spectrometer were used to
measure the ion's TOF with high precision (t/At>3000) since
the TOF is directly proportional to an ion's mass-to—charge ra-
tio. A Bragg-curve gas ionization counter, located at the end of
TOFI, was used to determine the atomic number and energy of
the recoils. By combining a velocity measurement, as determined
before the spectrometer with the energy and mass-to~charge ra-
tio information, the charge of each ion could be defined. Since
charge is quantized one can obtain a high precision measurement
of an ion’s mass directly from the mass-to-charge measurement.

The new masses of this experiment will be compared with several
mass models and a recent sdfp shell calculation®.

(ME.K. Warburton, et al., Phys. Rev. C 41, 1147 (1990)

* Work supported by U.S. Department of Energy.

9:36

AC4 EXTEN )
NEUTRON-RICH ISQTOPES IN THE Z=17-26 REGI .
L. Tu, X.G. Zhou, V.G. Lind, Utah St. U., D.J. Vieira, J.M.
Wouters, Los Alamos Nat. Lab., ZY Zhou, Nanjing U. & Los
Alamos Ngt Lab, BL Senfert U.Giessen & Los Alamos Nat,
Lab. Over 30 neutron rich isotope masses from chlorine through
iron have been measured by using the TOFI spectrometer at
LAMPF, This large new set of data has enabled us to extend neu-
tron and proton painng encrgy calculations to more neutron-rich
nuclei and cvaluate the reported neutron~excess (I) dependence
in a region (Z=21-26) where pairing energies are expected to be
relatively large and the mass surface reasonably smooth. The in-
vcshgahon ieads to the mixed conclusion that an I* dependence
is evident in Z=21-23 unclei, but that little or no dependence
is observed in the Z=24-27 isotopes. Moreover, our data dclm-
cates a new region of cnhanced binding centered around $°Sc
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Lut not for the predicted doubly magic nucleus 52Ca. Finally we
have cumnpared vur niasses to several mass models and found that
miasty of these mudels tend to overpredict the Linding for the most
neutron-nich 1sutopes of V through Fe with the exception of mass
predictions using the Garvey-Kelson mass relationship and the
modified shell-model mass equation (V).

(1) C. N. Davids, Phys. Rev. C 13, 887 (1976).

* Work supported by U.S. Department of Energy.

9:48

ACS5 The Level Structure of 64Ge.* P.J. ENNIS, CJ.
LISTER, Yale University B.J. VARLEY, University of
Manchester P.A. BUTLER, T. HOARE, University of
Liverpool W. GELLETLY, H.G. PRICE, S.E.R.C. Daresbury
W. NAZAREWICZ, Warsaw Institute of Technology--Several
recent calculations predict the presence of low-lying octupole
correlations in the N=Z nucleus 84Ge due to the mutual excitation of
p3/2 — g92 neutrons and protons Because of the low production
cross section for f4Ge (-5 mb), no y y coincidence data were
previously available We have studied the reaction 2C(54Fe,2nGe
at 165 MeV using the Daresbury Recoil Scparator, operated in
conjunction with the Polytessa y-array. Using recoil-y-y data and
recoil-y angular distribution data, we have placed 20 transitions in the
64Ce energy level scheme, The level scheme appears to have a
candidate J7=3- state at 2.97 MeV which follow s the systematics of the
heavier Ge isotopes, but is not indicative of strong octupole
collectivity The negative parity states appear to be connected to the
ground state band by intense E1 transitions which are forbidden in self-
conjugate nuclei, and indicate possible mixing between T=0 and T=1
states.

*Supported by USDOE Contract No. DE-AC02-76ER-03074

10:00

AC6  The shape of the N = 2 + 1 nucleus "'Br}. J.
ARRISON, T. CHAPURAN, U. J. HUTTMEIER, D. P.
BALAMUTH, Department of Physics, Universtly of Pennsylvania.
Electromagnetic transitions in the previously unknown neutron-
deficient nucleus "'Br have been identified in the *°Ca(8,p 2n)
reaction using a 47 charged particle spectrometer' in coincidence
with a large-volume neutron detector. Fifteen y rays were placed
in a decay scheme using a separate n —y—+y coincidence
experiment A AJ = 2 decoupled band is observed built on an
isomer with a half-life of 30 5+4.5 ns which is attributed to the
g 9,2z intruder orbital This suggests an interpretation in terms of
the odd proton coupled to a core with prolate shape, 1n contrast
to the situation observed? in the N = 35 system ®*Se, where the
existence of a strongly coupled band has been cited as evidence of
a theoretically predicted® transition to stable oblate shape in the
vicinity of "Br.

tWork supported by the National Science Foundation.

P, Chapuran ¢t al.,Nucl. Instr. Methods A272, 767 (1988).

M. Wiosna et al., Phys. Lett. 200, 255 (1988); J. W. Arrison et
al., Phys. Rev. C 40 2010 (1989).

3R. Bengtsson et al., Phys. Scr. 29, 402 (1984).

10:12

AC? Charged Particle and Gamma-ray Spectroscopy of
847r* CJ. LISTER, D.J. BLUMENTHAL, P. CHOWDHURY,
B CROWELL, P.J ENNIS, Ch. WINTER, Yale University,
H.R. ANDREWS, G.C. BALL, D. RADFORD, D. WARD, Chalk
River Nuclear Laboratories, VP. JANZEN, CRNL and
McMaster University, T. DRAKE, A. GALINDO-URIBARRI and
G. ZWARTZ, University of Toronto--The N=44 i1sotones have
attravted interest, buth bevause of a revent fepont of structure dependent
Jharged particle emission in their pupulation?, and because of

Yol. 35, No. 8 (1990)

Thursday Morning

predictions of superdeformed bandsZ. We have investigated both
aspects of the structure of $4Zr using the reaction 38N1(2951,2pn)®4Zr at
110 MeV. The Chalk River 87 spectrometer was used in conjunction
with an array of 16 CsI charged particle detectors. The experiment had
high statistics (7x107 proton-y~y events with BGO muitiplicity > 5)
and revealed discrepancies with the previously published decay
scheme? at the highest spins. Aspects of discrete line, continuum and
charged particle data will be presented.

Work supported by USDOE Contract No. DE-AC02-76ER03074.
D.G. Sarantites et al., Phys. Rev. Lett. 64 (1990) 2129,

I. Ragnarsson and T. Bengtsson, Conf. on Nuclear Structure of the
Zirconium Region, Ed. J. Ebeth, Publ. Springer 1988, p. 193.
H.G. Price et al,, Phys. Rev. Lett. 51 (1983) 1842.

w [ R

10:24

ACS Spectroscopy of N=45 Isotones 35Zr and $7Mo."

Ch. WINTER, D. BLUMENTHAL, P. CHOWDHURY, B.
CROWELL, P.J. ENNIS, C.J. LISTER Yale University--The
transinon from single-parucle to collecuve excitation 1n the neutron
deficient A~80 region 1s abrupt, the N=44 1sotones have well developed
bands linked by enhanced E2 transittons, while N=46 1sotones at low
spin are domunaied by non-collective states. In order to 1nvestigate the
microscopic structure of this abrupt change we have studied the N=45
zirconium and molybdenum isotopes.  The 58N1(31P,3pn)85Zr,
56Fe(325,2pn)352Zr and 38Ni(325,2pn)87Mo reactions were studied
with beams from the ESTU accelerator and radiation detected 1n the
Yale Gamma-X array. Only four states in 85Zr have been previously
reported ! and none 10 8’Mo. We have found clear-cut 15otonic trends,
with evidence for bandstructure developing above the Jow-lying three-
quasi-particie statés. The propernies of these nuclei and the
development of collectivity will be discussed.

1. T. Kuroganagi et al., Nucl. Phys. A484 (1988) 264.

*Supported by USDOE Contract No. DE-AC02-76ER-03074

10:36
AC9 High-Spin DSAM Lifetime Measurement in 36Zr.*
P. CHOWDHURY, D.J. BLUMENTHAL, B. CROWELL, P.J.
ENNIS, CJ. LISTER, Ch. WINTER, Yale University, H.R.
ANDREWS, D. RADFORD, D. WARD, Chalk River Nuclear
Laboratories, V.P. JANZEN, CRNL and McMaster University,
J. JOHANSSON, A. OMAR, D. PREVOST, J.C. WADDINGTON,
McMaster University, T. DRAKE and A. GALINDO-URIBARRI,
University of Toronto.--In order to quantify the evolution of spin
stabilized deformation in the transitional 86Zr nucleus!, we have
ggrformcd DSAM lifetime measurements at high spin via the
Ni(30S1,2p2n)86Zr reaction at 135 MeV with the 87 spectrometer at
Chalk River. The transitions of interest form a strongly coupled band
built on a 14* state, with M1 transitions and E2 crossovers, which
exhibit a staggering in both the M1 transition energies and M1/E2
branching ratios. Previous lifetime measurements? in this nucleus
showed an absence of collective strength at low spins. In contrast, the
transitions at the top of the high-spin band show Doppler shifts in the
present data, implying sigmficant collectivity. The detailed line shape
analyses will be discussed in the context of structure changes in this
transitional nucleus.
*  Work supported by USDOE Contract No. DE-AC02-76ER03074.
1. P. Chowdhury et al.,, Proc. ACS Symp. on Exotic Nuclear
Spectroscopy, Miami Beach, 1989,
2. EK Warburton et al., Phys. Rev. C31, 1211 (1985).

10:48

AC 10 2 ths in %°%, 2nd Strong Subshell Effects in
St Nuclej* F.K. WOHN, Jonn C. HLLL, Ames Lab. and Towa State
U., H. MAcH, U, Uppsala, K. SISTEMICH, G MOLAR, KFA Jilich,
R.L. GILL, W. KRIPS, M., MOSZYNSKI, BNL, D.S. BRENNER, Clark
U. — B-y-y fast timing was used to measure lifetimes of 2 Jevels
in %%Sr. The B(E2,0{-+2}") values, which fill the N=52-58 gap in
the known St B(E2) values for 40 <N <62, are exceptionally small
and provade direct evidence for a strong subshell effect at Z=38 for
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N=52~58. The B(E2) values establish a close similarity between St
and Zr nuclei with N=52-58, which form a region of the Jowest
B(E2) values (for nuclei with A>56) second only to 2%+21%pp,
Unique to the B(E2) systematics of Sr and Zr is a sudden, large
change in the B(E2) strength, by a factor of ~ 15, at N=60 where
the sudden onset of deformation occurs. Recent laser spectroscopic
measurements of Sr radii can be interpreted in terms of quadrupole
and octupole contributions to the rms radii.

*Work supported by the U.S. Department of Energy under Contract
No. W-7405-ENG-82 and AC02-76CH0016.
'H. Mach, et al,, Nucl. Instr. Meth. A280, 49 (1989).

SESSION AD: NEUTRON PHYSICS
Thursday morning, 25 October 1990
Room 136, Loomis Laboratory at 9:00
S. Grimes, presiding

9:00 .

AD1 Enerqgy Dependence of the n-8°%Pb  Surface
Imaginary QOptical Potential at Low Energies. R.E.
SHAMU, J. BARNES, S.M. FERGUSON, Western Michigqan Univ.,
and G. HAOUAT, J. LACHKAR, Centre d'Etudes de Bruyéres-
le-Ch3tel.---A phenomenclogical optical model analysis
of n-%“SpPb differential cross sections for elastic
scattering has been performed over the neutron energy
range 7.5-13.5 MeV using a spherically-symmetric central
potential. The central potential geometry and spin
orbit potential employed were those utilized for an
analysis of neutron total cross sections.? The
imaginary volume potential was assumed to be zero. Our
a(0)-derived values of the real potential strength V are
in excellent agreement with o.-derived values; however,
our values of the surface imaginary potential strength
Wy, are significantly larger than o,-derived values at
the 1low end of the energy range. We attribute this
large difference in Wy to strong coupling between the
7%%ph  ground state and low-lying collective states;
i.e., coupled-channel calculations are required here.
For linear V(E) the c,-derived W,(E) sharply increases
in slope near B8 MeV. This feature may be caused by the
opening of the 2°%Fb (n,2n) channel (1Q! = 7.4 MeV).

*J. Barnes and R.E. Shamu, J. Phys. G. 15, L179 (1989).

9:12

AD?2

A Dispersion-Relation Optical Model for n+ 235i, M. A. ALOHALI,
J. P. DELAROCHE, C. R. HOWELL, W. TORNOW and R. L.
WALTER, Duke University and Triangle Universities Nuclear
Laboratory (TUNL)* .--Howell er gl.! showed that Ay(6) and o(6) data
for (n,n) and (p,p) scattering from 28Si can be fairly well described
with a single spherical optical model (SOM) potential. The data base
for neutron scattering included Ay(6) data from TUNL at 10 to 17 MeV
and 6(0) data from TUNL and elsewhere from 8 to 40 MeV. In
particular, above about 11 MeV the model gave a good description of
6(0) and neutron total cross section o and a reasonable description of
Ay(6). However, the o(6) agreement for (n,n) deteriorated in the 8- to
1 {-McV region and the ot prediction was poor when the model was
extrapolated beyond 4 MeV. (Coupled-channels calculations offered
only a slight improvement.) In order to attempt to understand the
discrepancies and to establish a more complete picture of the SOM,
both for the scattering region (positive energy region) and the bound-
state region (ncglativc energies), we applied the dispersion relation
(DR) formalism? to the n + 28§i problem. Our goal was to explain all
the features in the Ay(0), 6(6) and T at encrgies between 2 MeV SE
< 80 MeV. Results of the DR model will be presented.

*Work supported by the U.S. DOE, Office of High Energy and
Nuclear Physics, under Contract No. DE-AC05-76ER01067.

1 C. R. Howell et al., Phys. Rev. C38, 1552 (1988).

2 See example in C. H. Johnson, D. J. Horen and C. Mahaux, Phys.
Rev. C36, 2252 (1987).

9:24

AD3 he action on Sy or Incident tro
Energies of 50 MeV - 250 MeV.* B.K. Park!, X. Aslanoglou?,
F.P. Brady®,G. Fink!,R.W. Finlay!, C.R. Howell*,A. Ling?,
P.W. Lisowski?, J. Rapaport!,J.L. Romero®,D. Screnson®,
W. Tornowt, J.L. Ullmann®, The white neutron source at Los
Alamos National Laboratory was used to study the (n,p) re-
action on V4TS, Data for neutron energy range of 50 MeV to
250 MeV will be presented for Gamow-Teller transitions and
compared with data from the (p,n) reaction!.

tQhio University, Athens, OH 45701, *Los Alamos National
Laboratory, Los Alamos, NM 87544, 3University of California,
Davis, CA 95616, *Duke University, Durham, NC 27707
*Supported by the NSF and DOE

1. B.D. Anderson, et al., Phys. Rev. C36, 2195 (1987).

9:36

AD 4 Level Density and Level Widths of 2°Si*V. MISHRA,
S.M. GRIMES, N. BOUKHAROUBA, K. DOCTOR, R.S. PEDRONI,
Ohio University, R.C. HAIGHT, J.A. BOUNDS, Los Alamos
National Laboratory -- Neutron total cross sections of
%95i have been measured from 4.5 to 150 MeV with an
uncertainty of less than 3% using a TOF facility at
WNR. The time resolution is better than a nanosecond.
Level density and level widths of the compound nucleus
2953 will be discussed as a function of excitation
energy and angular momentum over the region in which an
Ericson analysis could be made. The techniques used

to obtain these parameters and the parameters themselves
will be compared with those from previous measurements,
made elsewhere. The systematics will also be compared
with theoretical predictions.

* Work supported by the U.S. Department of Energy.

9:48
ADS5  Excitation of (ds5/2, p3/2-1 )4~ Stretched-State

Strength in the 14c(p,n)!3N Reaction at 135 MeV.*
L.A.C. GARCIA, B.D. ANDERSON, A.R. BALDWIN, R. MADEY,
D.M. MANLEY, R. POURANG, E. STEINPELDS, J.W. WATSON,
Kent State U., C.C. FOSTER, A. BACHER, Indiana U.. R.
LINDGREN, B. CLAUSEN, U. of Virginia -- Neutron time-
of-flight spectra for this reaction were obtained with
the beam-swinger system at the IUCF. Energy resolutions
were about 300 keV. Neutron TOP spectra, obtained at
12 angles between 0° and 63°, were converted to
excitation-energy spectra. The 4~ strength is split
into three isospin components: 75% of the extreme
single-particle-hole model (ESPHM) T=0, 4~ strength is
observed in a single state at 8.5 MeV; 42X of the ESPHM
T=1, 4~ strength is observed in two states at 13.7 MeV
and 19.4 MeV; 42% of the ESPHM Te2, 4~ strength is
observed in a single state at 26.4 MeV. The observed
4--state excitation energies and strengths are in good
agreement with the analog T=1 and 2, 4" -states observed
in the (e.e') reaction.l The observed 4~ strength
compares well with a PSD shell-model calculation.

= Supported in part by the National Science Poundation.
1 M.A. Plum, U. Mass Ph.D. Dissertation (1985).

Supplementary paper

AD 6 tucroscopic Optical Model Analysis of Heutron
Scattering Cross Sections at 63 MeV over a Wide Range of
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A Values. L.F.Hansen, Lawrence Livermore National Lsbo
ratory*, E.L.Hjort, F.P.Brady, J.Drumond, B.McEachern,
G.H.Osborne, and J.L.Romero, Crocker Nuclear Laboratory
& Physics Department, University of Califormia, Davis**
The neutron differential cross sections for C, Si, Ca,
Fe, Sn, and Pb measured at 65 MeV between 6° and 47°,
using a wire chamber based neutron detector”, are
compared with calculations done with the microscopic OM
potentials of JIM (with M3Y spin-orbit interaction) and
Yamaguchi et al. The fits to the measurements were
obtained with only three parameters: the normalization
constants for the .eal (Ay) and imaginary ()y) parts

of the central potential, and for the real SO potential
@) o). The latter has a constant value of 1.3 for

all the targets. The quality of the agreement with the
measurements is very close for both calculations and
also with ficts obtained earlier” with phenomenological
potentials for a much larger number of parameters. The
A dependence of Ay and Ay will be discussed.

*Work performed under the auspices of USDOE, Contract
W-7405-ENG-48, **Supported by NSF grant PHY 84-19380.
l¢.P. Brady et al., Nucl. Instr. & Meth. 228, 89 (1984)
2g.L. Hjort, BAPS, 34, 1831 (1989).

SESSION AE: THEORY I: STRUCTURE
Thursday morning, 25 October 1990

Room 158, Loomis Laboratory at 9:00

V. R. Pandharipande, presiding

9:00
AE]1

The Effects of Central, Spin-Orbit and Tensor Interactions in
Nuclei, D. C. Zheng and L. Zamick, Rutgers Univ. - To study the differ-
ent compunents of the nucleon-nucieon interaction, vze devise a schematic
interaction Ve + 2V, 4yl which for z=1, y=1 fits some standard bare inter-
actions hike Kuu-Brown ur Bunn A approximately. Then we study the effects
of varying z and y frum O o 2. We calculate the single-particle energies ¢
with the same interacuun as we use fur rest of the nuclear structure. We find
that the single parinle energics relative tu a duubly closed core Like '*O are
independent of the sirengih of the tensur furce. When applied to negative
panty lp- 1A states in 0, we find that 1n a TDA caleulation, the weighted
average of the cigen energies T ,(2J + 1) T, E\(J,T) is zero for a pure ten-
sor interaction or a pure two-body spin—orbit interaction. The effect of the
tensor interaction fur isoscalar (T=0) states is to lower the encrgy of even
spin states 0~, 27, 4= and to raise the energy of odd spin states 1=, 3~ in
an average sense. For isovector (T=1) states, the effect 15 much smaller. For
the 1% states in 12C, a Ip~1h diagonalization leads to very low cigen states
with E*(T = 0) ~ 1.6MecV and E*(T = 1) ~ 4.1Mel" as compared with ex-
periment (12.7MeV for 7=0 and 15.1AfeV for T=1). Only a full scalar shell
model calculation brings these states up a respectable energy. When the core
is 12C, the cffect of the tensor interaction is to lower the py /s single-particle
energy relative to pasa. This is precisely opposite to what the two-body
spin orbit interaction does  We reconsider the old problem of the cffect of
the spin orbit and tensor interactions on the near vanishing Gamow - Teller
matrix element MC(J = 0,T = 1) — MN(J = 1,T = 0). If we increase the
spin-orbit interaction, then we also have to increase the tensor interaction in
order to mamtain a vanishing GT matnx element.

9:12

AE2 St Nuclear Gr tate Propertics n the
Framework of a Relativistic Point Coupls . T.HOCH, B. A.
NIKOLAUS, and D. G. MADLAND, Los Alamos Nat. Lab.--An
extended version of a relauvxsnc point coupling model proposed by
Manakos and Mannel! is used in Hartree-Fock approximation to
calculate nuclear ground state properties. The explicitly non-
renormalizable model Lagrangian imncludes scalar and vector (both
isoscalar and isovector) four-fermion interactions as well as higher
powers in the fermion field and derivative couplings. The latter
simulate the finite ranges of the ¢ and ® mesons in mean field models.
A sclf-consistent procedurc was developed to solve the model in H-F
approximation for several nuclei simultancously by use of a
gencrahized non-lincar least-squares adjustment algorithm.? With this
procedure we determine the nine couphing constants of our model so
as to reproduce measured ground state binding erergies, rms charge
radii, and spin-orbit splittings of sclected ciosed shell and closed
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subshell nuclei in non-deformed regions. The coupling constants
obtained in this way reproduce ground state binding energies and rms
charge radii of a much larger set of closed (sub) shell nuclei to good’
accuracy and predict these quantities for similar nuclei far off the line
of beta stability.

1p, Manakos and T. Mannel, Z. Phys. A 330, 223 (1988).
2B.A. Nikolaus and D. G. Madland (to be published).

9:24

AE3 A Green's Function Approach o Super fluidity in Nuclear
Matter. Brian E. Vonderfecht and Willem H. Dickhoff,  Washington
University, St. Lowrs, MO 63130 -- A self-consistent solution of the
nuclear matter problem is studied using Green’s functions. Special at-
tentiun 1s paid to the dynamucs of the system's single particle properties
sisee recent expeniments have established the significance of nun-mean field
wurrelations. The theory allows a unified description of short-range correla-
tions and superfluidity appropriate for realistic interactioas including tensor
furces The effective interaction s obtained using an extension of Bruech-
net ladder diagrams that is symmetric with respect to particles and holes
and cludes possible pairing solutions The binding energy 1s calculated
and consequences for saturation properties are considered. Spectral func-
tions and a momentum distribution are presented which display depletion
of around twenty pezcent. This is compatible with recent experiments, but
in contrast to the traditional shell model.

9:36

AE4  Multiparticle-Multihole Configuration Mixing _Calculations
in_the IBM-2. A. F. BARFIELD and B. R. BARRETT, U.
Arizona.*~Low-lying multiparticle-multihole (np-mh) configurations
are well-known features in nuclear structure. Work by Zheng et
al.! has called attention once again to this phenomenon in light-
medium mass nuclei, and lachello® has recently emphasized its
possible importance in heavy-mass nuclei, particularly regarding
superdeformed bands. In the interest of formulating a unified
picture of this effect, we have expanded the configuration mixing
approach of Duval and Barrett® within the n-p Interacting Boson
Model (IBM-2) from two to several configurations. Applications to
the Hg isotopes will be given for the mixing of (op-2h). (2p-4h).
(4p-6h). and (6p-8h) proton configurations.

*Supported in part by NSF grant PHY87-23182

'D. C. Zheng, D. Berdichevsky. and L. Zamick. Phys. Rev. C38,
437 (1988)

F. lachello, 1n “Proc. Symp. Nucl. Phys. 1990’s,” May 1-5, 1990,
Santa Fe, NM

3p. D. Duval and B. R. Barrett. Nucl. Phys. A376, 213 (1982).

9:48

ALS Weak Interaction Rates in160. . C. HAX-
TON, University of Washington and C. W. JOHNSON,
Caltech. ---We describe a full nonspurious 4hw
shell model calculation that successfully repro-
duces the low-lying spectrum of %0, including the
superdeformed 07 (6.05 MeV) state, and discuss its
connection with the coezistence model. This treat-~
ment provides a realistic microscopic framework
for d.scussing various electroweak processes. E2
transitions in !0, the role of exchange currents
and the pseudoscalar coupling constant in the 0° «
0~ B8-decay and pi~capture transition, and the evalu-
ation of the Gamow-Teller inclusive response func-
tion.

10.00
AE 6 Alpha-douteron Structure of SLi as

Predicted by Three-body Models.* J.P.Woloschek,
D.R.Lehman, The George Weshington University --
- NN interactions in three-body («NN) models of
§L1 are used to examine the role of the np
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interaction in the alpha-deuteron structure of
6Li. The SL! bound state wave functions are
obtained by solving the Schrodinger equation
with an «N interaction containing Sisz, Pi1/2
and Pz/2 components, and with a 38;~?D; np
interaction. Nine np interections are used:
four are phenomenological rank-1, rank-2 or
rank-4 separable interactions which reproduce
scattering phase shifts and deuteron prober-
ties, and the remeining five interactions are
rank-1,rank-4¢ or rank-6 representations of the
full Paris potential. The 6L} wave functions
are used to calculate the s- and d-wave SL1 - «
+ d momentum distributions, the percentage of
8- and d-wave «d componentsg, the effective s-
and d-wave configuration-space wave functions,
the S- and D-wave fLi - « + d asymptotic norm-
alization constants and the ad projected
contribution to the full quadrupole moment.

* York supportsd in part by U.S. DOE.

10.12

AE7 gndecay Between Mirror Nuclei in the 1fr2p
Shell. M. SULTAN PARVEZ, F. B. MALIK, Southern Illinois
University at Carbondale.-~A detailed experimental
study') of the beta decay of the ground state of 43Ti to
the lowrlying levels of Sc has revealed some
interesting descrepancies between the data and the
calculations based on shell model incorporating 1£=2p
configuration. The low~lying level scheme of ¥3Sc and
many other odd nucleil in the 1f-~2p shell can, on the
other hand, be reasonably reproduced by the Corfolis
coupling model It is, therefore, of jinterest to
examine the gndecay rate between some mirror nuclei
within the framework of this model. In the Coriolis
coupling model, 31 might have different collective
parameters and in that case the Br~decay of Ti to Sc¢ is
no longer superallowed, but normal allowed in nature.
The calculate log £t values are in broad agreement with
the observed ones. Calculation for other nuclei are in
progress.

1. J. Honkanen et. al., Nucl. Phys. A 471, 489 (1982).
2. W. Scholz and F. B. Malik, Phys. Rev. 150, 919
(1966).

10:24
AES

Highly Deformed States in N=Z Nuclei: Beyond the 8p-8k State
in ¥°Ca, L. Zamick and D. C. Zheng, Rutgers Univ. - Using the dcformed
Hartree-Fock approach with a Skyrme interaction SK3, we search for highly
deformed states in N=2 nuclei. We characterize these states by the integer
n, which is the number of nucleons which we transfer from below the sphcn‘cal
fermi sea to one or more major shells above the spherical fermi sea. We give
the intrinsic energy (in AMeV), the projected J=0*% state encrgy and the
deformation parameter fo= 5/xQo/(A(r’)) for these states:

Nucleus n Eint [ B
Ca 8 114 7.1 0.60
12 244 18.7 0.97
“Ti 8 17.0 120 0.81
12 25.6 199 0.99
48Cr 8 23.9 19.0 0.85
32Fe 8 28.6 243 0.71
12 32.1 264 091
16 42,7 35.7 1.14
NI 16 38.1 31.6 1.05
20 51.6 41.7 1.22

For the n=12 state in *"Ca, eaght nuclcons are teansferred snto the M =3
f-p major shell and four into the N=4 g-d-s major shell. The possibility
of identifying the quasimoiccular resonance in **Cr (3*Mg + 24Mg) as the
J = 36 member of the n=8 intrinsic state is considered. For *°Zr the n=12
state (12 nucleons transferced from f p to g d 3) 18 the ground state.

Vol. 35, No. 8 (1990)

10:36

AE9 Hybrid Repregentation of the Two-Body T-Matrix by
a Separable and a Perturbative Part. G. H. RAWITSCHER,
Univ. of Connecticut, and L. CANTON, I.N.F.N., Padove,
Italy. -- In finding se ble representations of the n-n
T-Matrix, we have shovm™ that the error AT is of the
order of the error AV in the potential expansion, even
though T can be a few orders of megnitude smaller than
the potential V. Thus, rather than adding more and more
terms in order to achieve high accuracy, we present an
alternate procedure in which only the first few separable
terms are kept, end the rest is included by a
perturbative expansion which is non-separable but small.
This approach is equivalent to finding a separable
representation of T = V - V Go V , which in tuwrn can be
understood by means of variational principles. When using
positive energy Sturmiang, the errors are well understood
and are shown to be smaller than for the conventional
separable representations. Numerical applications to the
singlet S Reid soft core, and the Malfliet-Tjon
potentials will be presented.

Supmrted in part by NSF Grant PHY-8901627.
L. Canton and G. H. Rawitscher, submitted for
publication.

10:48

AE 10 Corrélation Energies and the Curvature Energy N.Ju!,
A.Bulgac', G.Bertsch! and P.Schuck? MSU-NSCL! and Grenoble?
There is a disturbing contradiction between the parameters of the
liquid drop formula for the binding energies (which lead to a van-
ishing A'/3 term) and mean field theoretical predictictions for the
curvature energy (on average 10 A'/? MeV). There is one effect,
which has not been not been considered so far in this respect and
which might be responsible for the discrepancy, the quantum correc-
tions arising from the zero point oscillations of the nuclear surface.
It seems very natural to link curvature corections to the binding
energy with the surface oscillations, which when excited modify
the local curvature. A rough estimate of the zero point surface os-
cillations contributions to the binding energy gives something like
10-40 A'/3 MeV. One has to include particle-hole excitations with
relatively high angular momenta and high excitation energies. We
present calculations of the ring ph-diagrams for spherical nuclei, in
order o extract the A-dependence. The extracted curvature energy
(depending on the NN-force) has the right order of magnitude (and
sign).

Supplementary paper

AE 11

Spin Dependent Effects in the Quark Cluster Model: C.J. Benesh and
J.P. Vary, Physics Department®, Jowa State University, -- Using the

quark cluster model, we calculate the spin dependent structure
functions of the deuteron and SHe. In particular, we find that
measurement of the first moment of these distributions provides a
constraint on the size of the six quark cluster component of the
nuclear wavefunction. We compare these constraints with the
measured value of g, for mass 3 nuclel, and give predictions for the

spin dependent structurc of 3He, which will be measured (n
forthcoming experiments.

*Supported by the USDOE under Grant No. DE-FG02-87ER40371 .
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PLENARY INVITED SESSION PA: ‘NUCLEAR PHYSICS IN SOCIETY
Thursday afternoon, 25 October 1990; Foellinger Auditorium, University of Itlinois at 13:30; R. A, Eisenstein, presiding

Note Special Times. Each speaker will have 45 minutes with 10 minutes for discussion. There will be a 15-minute coffee break at 16.15.

13:30
PA 1 Nuclear Physicists and Nuclear Weapons. S. DRELL, SLAC.

14:25
PA 2 Recent Advances in the Use of Particle Accelerators for Radiation Therapy. P. DELUCA, JR., University of Wisconsin.

15:70 '
PA s The Importance of Nuclear Power. H. BETHE, Cornell University.

16:15-16:30 COFFEE BREAK

Department Colloquium

16:30
PA 4 Solar Neutrinos. JOHN N. BAHCALL, Institute for Advanced Study, Princeton.

The most recent results of solar neutrino experiments will be discussed and compared with improved
predictions of standard models: electroweak and solar. New experimental approaches to solving the solar
neutrino problem will also be reviewed.

ATLAS USERS’ GROUP IUCF USERS’' GROUP
Thursday evening, 25 October 1990 Thursday evening, 25 October 1990
Room 209, Illini Union at 18:00 General Lounge, Iilini Union at 18:00

RADIOACTIVE ION BEAM FACILITY USERS’ GROUP

CEBAF USERS’ GROUP FORMATION MEETING
Thursday evening, 25 October 1990 Thursday evening, 25 October 1990
Room 3144, Illini Union at 18:00 Room 314B, Illini Union at 18:00

INVITED SESSION BA: NUCLEAR ASTROPHYSICS
Friday morning, 26 October 1990; Room 141, Loomis Laboratory at 9:00; G. Baym, presiding

9:00
BA 1 Nucleosynthesis in the Early Universe. M. TURNER, FNAL.

9:36 s
BA 2 Neutron Stars and the Equation of State. JAMES M. LATTIMER, State University of New York.

The role of the equation of state of dense matter in the astrophysics of neutron stars is reviewed. Specfic
aspects of the equation of state influence theoretical models of supernovae, neutron star birth, pulsars and
pulsar glitches, and neutron star decompression. In return, observations of these phenomenon can
constrain the form of the equation of state. For example, the maximum mass and the maximum rotation
rate of neutron stars serve as global constraints, while the total energy and the diffusion timescale of
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neutrinos emitted during the aftermath of a supernova explosion probe the interior density structure of a
neutron star. The process of neutron star compression in decaying neutron star binaries is sensitive to the
minimum neutron star mass. Major uncertainties exist in some equation of state parameters,
particularly the compression modulus of nuclear matter, the degree of softness of the subnuclear equation
of state, the density dependence of the symmetry energy, and the existence or absence of phase transitions
at supernuclear densities, to name but a few. It may not be possible, in the near future, to resolve these
issues in terrestrial nuclear experiments. The extent to which these uncertainties can be ejiminated
through a combination of theoretical modelling and future astrophysical observations is discussed.

10:12
BA 3 Neutron Stars. FREDERICK K. LAMB, University of Illinois.

Neutron stars provide many examples of exotic nuclear phenomena, including neutron superfluidity, proton sup:
neutrino emission by superfluids. The evidence concerning neutron star masses, radii, inertial moments, magne
rates is summarized. The implications for neutron star equations of state and internal structure are described
recognition that the thermal and magnetic evolution of neutron stars is closcly intertwined with their rotational evo!
milhisecond pulsars has provided new evidence concerning the formation and evolution of rapidly rotating neutron s
and timing observations have significantly constrained the thernal and dynamical properties of neutron s
observations have determined the angles between the magnetic dipole and spin axes of some 150 pulsars. The re
previous models of rotational and magnetic field evolution in neutron stars are incorrect. The results of recent theor
nuclear composition of the crust, the interaction of neutron vortices with proton flux tubes in the core and with nuc
dynamical properties of rapidly rotating neutron stars, and the evolution of neutron star magnetic fields are describe

10:48

BA 4 The CYGNUS Experiment at Los Alamos: An Air Shower Facility for the Study of PeV Cosmic Rays.

D. E. NAGLE, Los Alamos National Laboratory.

.

The CYGNUS installation consists of an array of 205 scintillation detectoi-s, plus a collection of muon
detectors. It is sensitive to energies above 50 TeV. Recent activities of members of the collaboration
include searches for point sources, a study of the shadows of the moon and the sun, and a search for

diffuse emission from the Galactic plane.

SESSION BB: INSTRUMENTATION 1
Friday morning, 26 October 1990

Room 151, Loomis Laboratory at 9:00

R. Laszewski, presiding

9:00

BB1 Measurement of Ground-State 8  Branching Intensities
Using_a Total Absorption Gamma Spectrometer.* R. C.
GREENWOOD, D. A. STRUTTMANN and K. D. WATTS, Idaho Ratironal
Engineering Laboratory -- A method has been developed to
measure ground-state f~ branching intensities using a total
absorption y spectrometer at the INEL ISOL facility. This
spectrometer, which is used to measure beta-strength
function distributions of short-lived fission-product
nuclides, consists of a Tlarge well-type HNaI(T1)
scintillation detector together with a Si §  detector
located in the tape transport line within the well. With
this spectrometer, a direct measurement of an absolute
ground-state §° branching intensity can be obtained from a
simple ratio of the -y coincidence to § singles count
rate. Results obtained in initial testing of the methed,
for several fission-product isotopes of Cs, Ba, La and Ce.
are compared to existing data obtained using conventional
nuclear spectroscopic methods.

* Supported by U. S. DOE under contract Ho. DE ACC?
761001570 with £G&G Idaho, Inc.,

9:12

pB2 Iso-Octane and CF,, Heavy Gases for Charged
Particle Detectors E. NORBECK*, R. DAYRAS, C.

MAZUR, E.C.  POLLACCO, Saclay; D. SWAN, NSCL Michigan
State U., J.X. ZHANG, U. of Iowa--With Targe area gas
detectors operating in a vacuum, one would 1ike to reduce
the counting gas pressure without reducing the quantity
of gas. This can be done by putting more atoms into each
molecule of gas. In low pressure fon chambers, sub-
stituting C,F, for CF, allows mcre than a factor of two
reduction in pressure. The C,F, gas must be completely
free of unsaturated fluorocarsons which have a large
cross section for capturing electrons. In low pressure
avalanche detectors, the heavier iso-octane gives the
same performance at 2.5 to 3.0 Torr as isobutane at 5
Torr. Iso-octane is a liquid with a vapor pressure of
40.6 Torr at 21°C, about the same as the lighter n-
heptane used in some laboratories. The vapor must be
free of air and water to keep the counter from sparking
at a low voltage. The surface of the evaporating iiquid
must be colder than the 1ine to the gas handler.
Otherwise the 1iquid will transfer to the coldest point.
*Sugp?rted in part by the Research Corp. Present address
U of Iowa.

9:24
BB3 A 95 PS SF\VHM!, HIGH-EFFICIENCY FAST TIM-
ING DETECTOR FOR THE TOFI SPECTROMETER. *

H.L. Scifert, 1.Gicssen & Los Alamos Nat.Lab., D.J. Vicira,
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J.M. Wouters, G.W. Butler, Los Alames Nat.Lab, X.G. Zhou,
X.L. Tu, Ytah St.. The mass resolving power of the Time-
of Flight Isochronous (TOFI) spectrometer is primarily hm-
ited by the timing precision obtained from two fast-timing
microchannel plate (MCP) detectors and their associated elec-
tronics. The timing information is derived from secondary clec-
trons produced when recoil ions pass through a thin Al; O3 foil.
One of the major limitations of the detector-electronic sys-
tem is the amplitude-to-time walk in the constant-fraction-
discriminators {CFD) caused by the Poisson distribution of the
secondary electrons. To increase the secondary electron yicld
we have coated our thin Al;03 foils with CsI. The pulse height
resolution (FWHM/centroid) improves from 1.2-1.5 for an un-
coated AlOj3 foil to 0.8 for a similar foil coated with 25 pgfem®
Csl in tests with 2'Am o-particles. We also find that the
detection efficiency increazes from ~ 75 to 98%. We have in-
vestigated the pulse height distributions for CsI coatings with
different thicknesses and the timing resolution of the system
using a new CFD. The performance of the MCP detectors in
tests with a particles and in a recent experiment at LAMPF
will be presented.

* Work supported by U. S. Department of Encrgy-.

9:36

BB4 Improvement in the Energy Resolution of a Ge
Detector by Software Techniques®. M. P. CARPENTER, T.
L. KHoo, F. L. H. Worrs, R. V. F. JANSSENs, Argonne
National Laboratory, I. G. BEARDEN, Purdue University.
- One factor which limits the encrgy resolution of 2 Ge detec
tor is the charge collection process. Electronic circuits have been
developed to correct for defects attributed to this process. (2na-
log correction).’® We have teken # different approach and im-
plemented these corrections using computer software by digitally
encoding 3 parameters. the pulse heights at two diffcrent ampiifier
shaping times and the cross over time of 2 bipolaz signal. In gen-
cral, equivelent improvements in energy resolution were obtained
by software correction as those previousiy reported using anzlog
cortections for non radiation dameged detectors. Howenver, the
softwaze technique proved superior when radiztion demage was
present. A typical result for an 30% n type Ge detector {shaping
time = 2psec) showed a decrease in the FWHM of 2 1332 keV ¢ ray
from 2.61 keV to 2.17 keV. The technique and its application to a
small (25%) and large (80%) n-type Ge detector will be discussed.
* Supported by the U.S. DOE, Nuclear Physics Division, under
contracts W-31-109-ENG-38 and DE-FG-02-87ER40346.

'F. Goulding, D. Landis, 1EEE Trans. Nucl. Sa. 35 (1988) 119.
25.M. Hinshaw 2nd D.A. Landis, to be published.

9:48

BB ¢ A Large Acceptance Deteesor for Phato-Nuclear Phvsics
N.R. KOLB, E.B. CAIRNS, H. FIELDING, L.G. GREENIAUS,
E.D. HACKETT, L. HOLM, D.A. HUTCHEON, F.C. KHANNA,
E. KORKMAZ, P. LANGILL, 0. MACK, W.J. MCDONALD, B.A.
PETERSON, N.L. RODNING, J. SOUKUP, LJ. VAN HEERDEN,
V. ZIEGLER, University o a: JC BERGSTROM, HS
CAPLAN, RE. PYWELL, D.A. SKOPIK, J.M. VOGT.
Saskatchewan Acceleratar Lah, J JURY. Trent University, J
CAMERON, JUCE, The Saskatchewan Alberta Large Awcepianee -
Deiector («SALAD, has been construeted as a nadron detecias for use
with the tagged photon faciintv at the Saskaichewan Accelerator Lan
(SAL). Charged parucles produced in 2 gas werger cell, with scaienng
angles between 7 and 173 degrees, are tracked through four
cylindrical wirc chambers surrcunded by 24 scts of AE E scintillator
sections. Duc to the exiended geometry of SALAD, a Monte Carlo
simutation is vsed to predat the effectse avccpiame of the deiectui.

Friday Morning

The code was tested by measuring p p clastic scatering at TRIUMF
and comparing to the well known cross sevtion. Prelimunary results,
frum the comumissivnang run, with tagged phutons of 180-220 MeV
on the deuteron will be presented.

10:00

BB6¢ KBr(Eu) Scintillator Crystals as Heavy Ior
Detectors. E. BELMONT-MORENO, A. MENCHACA-ROCHA,
M.E.BRANDAN, J.HERNRNDEZ A., Instituto de
Fisica, U.N.A.M. Mexico D.F., M. GONIN, K.
HAGEL, R.WADE, END J.B.NATOWITZ, Cyclotron
Institute, Texas A&M University, College
Station, Texas. The results of a study aimed at
evaluating the capabilities of KBx (Eu)
scint:liator crystais as heavy ion detectors
w:il be presented. An optimum Eu doping of 0.1
moie % has been established by measuring the
deperdence of the light output response as a
function of Eu concentration. The KBr(Eu)
samples, used as E detectors in a DE-E
telescope arrangement, were exposed to E/A<20
¥ev, 2<Z<7 ions from N+ “C reaction residues.
The experiments were carried out with a 280 MeV
14N Dbean rom the K-500 Superconducting
Cyclotron at TARMU. The KBr(2u) response to
ions is compared with that of a commercial
CsIi(Tl). The resolution of KBr(Eu) is found to
provide adeguate elenent separation, although
its luminosity 1s found to be considezably
smaller than that of CsSI(Tl).

i0:12
BB~ igh lution intillating Fj

agmeti for LEAR DW. HERTZOG, P.T.
DEBEVEC, R.A. EISENSTEIN, M.A. GRAHAM, S.A.
HUGHES, P.E. REIMER, and R.L. TAYLOE U, of Hilinois at
Urbana Champaign?-Electromagretic calonmeter modules based on
2 uniform amray of plastc scinullanng fibers embedded in a lead
alloy have been bunlt and tested. Techmiques have been developed to
assemble large volumes of tus composite matenal and 1o machine st
110 the tapered trapezoidal modules appropriate for modem,
henmetically-sealed calorimeters with poinung geometry. Using this
technique, z 300-clement armay of such modules hzs bes., built and
insrumenied. Protoiypes and subseis of the larger amray have been
tested in electron and photon beams ranging in energy from 0.035 o
5.0 GeV. Improvements in fiber characteristcs, assembly
procedures, and geometrical optimization have led to substantial
performance gains over previous similar detectors. The average
resolution of these detectors is determined tobe GGE ~ 6.3% /
VJE(GeV). The techniques of fabrication and the detector tests will
be Gescribed.
*Research supported in pant by the National Science Foundation and
the Universuty of [llinois Campus Resecarch Board.

10:23

BBS A Silicon Calorimeter for Measuring Charged
Particle Evaporation Spectra.* DJ. BLUMENTHAL 2rd

CJ. LISTER, Yale University An open question :n compound
naclear decay s the effeut of shell siructure on the stausiical
evaposation of particles. A recent measurement kas isdicated changes
in proton cvaporation spectra in coincidence with discrete gamma ray
transitions in different rotational bands!. In order to improve oa
present experiments which use highly segmented scintiliators and are
himited by resolution, both in energy 2nd panticle emission angle, we
are building a silicon calonimcter designed to measure cvaported
proton energics to ~I% and therr emission angles to a preasion of 2
few degrees. Tie caionmeies « nsists of 2 [6-cloment octagenal barrel
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of position sensitive PIN diodes, each 501 m x 10mm and 700y thick,
subtending 48% of 4x A Monte Carlyv simulation of detector
performance, including target thickness, absorber foil, position
uncertainty, and energy uncertainty effects has been carried out.
Source tests on prototype detectors are in progress, and thesc results
will be discussed alore with the Monte Carlo simulations.

Work supported by USDOE Contract No. DE-AC02-76ER03074.
1. D.G. Sarantites, ¢t al,, Phys. Rev. Lett. 64, (1990) 2129,

10:36

BB 9 “A Low-Energy 180° Elactron Scattering
System.*" D. SOBEk, J. CONNELLY, H. CRANNELL,
L. FAGG, J. O'BRIEN, and M PETRAITIS, CATHOLI(
UNIVERSITY, and R, DEINING:.,, and S. WILLIAMSO!
UIUC-~-A low energy (20-90 MeV) 180° electror
scattering system has been designed, constructed,
and installed at the UIUC microtron facility.
The system features a 3-magnet chicane plus ¢
separating magnet which is located inside the
target scattering chamber. Both the spectromete:
and the separating mngnet are rotated in takinc
inelastic spectra. 1 quadrupole doublet and ¢
set of Helmholtz coils between the target anc
beam dump are effective in reducing background,
The performance of the system will be discussed.
*Work supported in part by NSF under Grant Nos.
PHY8217076 and PHY8820654

10:48
BE 10 Nuclear Charge Separation of Heavy Ions at Low
Eaergies™ F. SCARLASSARA, K. E. REHM, B. G. GLAGOLA,
A. H WUOSMAA, Argonne National Laboratory*. Recently
developett recoil mass separators provide exc2llent mass
separation for heavy nuclei produced in compound nucleus
reactions. A satisfactory charge identification for
these tuclei with traditional E-AE or Bragg peak methods
is limited to energies 21 MeV/a.m.u. for ions of A250.
We have investigated if a gas filled magnet can be used
for nuclear charge identification for ions at low
velocities. This method exploits the difference in the
average charge state @ for i’ns with different nuclear
charge Z movirng in a gaseous medium. First test
experiments were performed with a split pole
spectrograph with 58ni and 58Fe ions ot energies between
1.5 and 0.5 MeV{nuc¢leon. The results show that at these
energies Fe znd Ni are separcted in the focal plane by
.Lout 10 cm. The charge sepacration is only weakly
dependent cx Jhe incicent cnergy. The results have bsen
comr red with virious 3imulation calculations and good
agreement between theory ard experiment has been
obzerved. Results for charge separation involving
ciff2rent magnet ygzometries will be presented.
*Submitted by K. E. Rehm.
*Work supported by the 1.5. Department of Energy,
Nnelear Physics 2ivision, under centract
W-31-109-EiG-38.

Supplementary papers

BB It A High Energy Polarimeter for Linearly Prlariz=d
Bhotons. D.S. DALE, R.M. LASZEWSKI, R. ALARCON
U of Minois*~A polarimeter for linearly polarized pliotons based
on the phenomenon or pair production in 4he field of an electron
(triplet production) has been coustructed. Such a polariracter can
be expected to be effective from about 10 Me\V to several GeV. Pre-
liminary tests with unpolarized pbotous clearly identify the triplet
events. Results of a measurement of thz polarization dependence
of the process pe. utr.ed with highly polanzed tagzed puotons will
be prescnted.

*Research supported in pati b, the National Science Foundation.

BB 12 Calibration of 3He-Polarization usinyg NMR
Techniques. W. LORENZON, H. GAQ, T. GENTILE and
R. McKEOWN, Caltech.® ---Asymmetry measuremencs
in spin-dependent scattering of longitudinally po-
larized electrons from a polarized 3He gas target
require accurate determination of both electron
and target polarization. A systematic study of the
calibration of the optical polarization signal in
3He using NMK techniques is in‘progress. The target
polarization is calibrated directly by comparing
with a water sample. A precision of better than 5%
can be obtained.

* Supported by the National Scierce Foundation.
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D. Balamuth, prosiding

9:00

BC1 Level Lifetimes in '%sn, J. L. WEIL, J. D.
BOONE, R. GO and Z. GACSI’, Univ. of Kentucky.'® =---
The lifetimes of morxe than forty excited levels bave
been deduced for the nucleus !%Sn using the Doppler
shift attenuation method. Doppler shifts were measured
for some sixty Yy-rays observed in the 1éSn(n,n'y)
reaction at an incident neutron energy of 4.5 MeV. In
the calculation of the F(f) vs. T curves, the Doppler
shifts were averaged over all kinematically allowed
directions of the recoliling nucieus, since the
scattered neutrons were not observed. Lifetimes in the
range of 4 fs to 500 £s were observed. The Yy-ray
multipole strengths in Weisskopf wunits will be
presented for those levels where the decay
mul .ipolarity is known.

‘Permanent address: Institute of Nuclear Research,
Debrecen, Hungary
“*Supported in part by NSF Grant #PHY-90-01465.

5.2

BC2 Band structures in I Y. Liang, J.R. Hughes,
D.R. LaFosse, R. Ma, E.S. Paul, P. Vaska, N. Xu, and D.B. Fos-
san SUNY Stony Brook, The "®Cd(!'B, 4n) reaction at 45 MeV
hus been used to investigate '3 with an array of 6 Compton-
suppressed Ge detectors along with a 14-clement BGO multiplicity
filter. The unique negative-parity Al = 2 band built on a whyy,
orbital was observed showing an indication of band termination
at fiw N7 MeV. The previously identified Al = 1 mgy;2 hole
band was extended up to 27/2*, Two additionally observed bands,
which are believed to L= associated with prolate and oblate 7gz/,
tnidshell orbitais, show the expected diffcrent characteristics. A
decrease in the energy of the oblate 7wg7/, orbital with N has been
theoretically predicted. For both of the L.:olate and oblate mgzs
bands, rotational alignment of an hy,, neutron pair wes observed.
These experimeutal results and the systematics for odd-A jodine
isutopes will be presented.

' W. Hazarewicz; R. Wyss, private communications.

* Supported in part by the National Science Foundation.

9124
BC31 Comparison_cf_Experimental with Calculated p-n

Interactions in Doubly Magic Regions.” W.-T. CHOU, BNL, J.-
Y. ZHANG, BNL, CCAST, Inst. Mod. I'hys, Lanzhou, ORNL,
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R. F CASTEN, BNL, D. ». BRENNER, Clark U, C.
WESSELBORG, BNL, U, Koln.--Recently, empirical values
for the residual p-n interactions of the last proton with the
last neutron have been obtained. The overall smooth
systematics is modulated by rather strong fluctuations. This
is particularly true near closed shells where low and high j
orbits are being filled sequentially. In these regions, the
quadrupole component of the p-n interaction is particularly
large since, viewed in a Nilsson scheme, it 1s where the
sharply up- or down-sloping orbits occur, and p-n spatial
overlaps vary rapidly. To study these fluctuations, we have
calculated the quarlrupole p-n interaction in the Nilsson/BCS
scheme for the 90Zr, 1325 and 208Tb regions. Ixcellent
agreement with the experimental trends is found. Research
performed under contracts DE-AC02-76CHO00016 and DE-
FG02-88ER40417 with the USDOE.

9:36

BC4 Discrete Spectroscopy in }44cd*

PH. BENET3, I. AHMADY, K, BEARD®, P.J. DALY®,

M.V, DRIGERTd. P.B. FERNANDEZ2®, T, HAPPb, R.V.F.
JANSSENSP, T.L. KHOOD, E.F. MOOREP, F.L.H. WoLFSD,

D. YEC. Using the 98Mo(50Ti,4n) reaction at 219 MeV
and the Argonne-Notre Dame BGO 7-ray facility, the
states in 14%Gd were studied from a coincidence matrix
with ~2 108 events. The level scheme is rather
complex and indicative of "particle alignment” uas the
mode of angular momentum generation aiong the yrast
line and in its close vicinity. The structure of
14464 will be compared with that of neighboring
nuclei.

8)purdue University, West Lafayette, IN, 47607

)Argonne National L.b., Argonne, IL, 60439
c)University of Notre Dame, Sound Bend, IN 46556
d)INEL., EG&G, Idaho Falls, ID, 8341Z

*Tais work was supported by the U.S Department of
Energy, Nuclear Physics Division, under contract
W-31-109-ENG-38, DE-AC07-76ID1570 and DE-FG-02-87-
ER40346 and the NSF under grants PHY-88-02279,

9:48
BCS Ganma-ray Studies of Transfer Products from 36

+ 160gd snd 37c1 + 10Gd Collisions®. R. H. MAYER, I.
G. BEARDEN, Ph. BENET, P. J. DALY, Z. W. GRABOWSKI, Purdue
Univ., I AHMAD, M. P. CARPENTER, P. B. FERNANDEZ, R. V.
F JANSSENS, T L. KHOO, E. F. MOORE, Argomne NL and M.
W DRIGERT, INEL --- Gamma-ray coincldence measurements
for the systems 160G + 159 MeV 365 and 160Gd + 167 Mev

Cl were performed with the Argonne-Notre Dame BGO y-
ray facility. By selecting events of moderately high y-
ray multiplicity, we could identify states up to about
I~12 in few-nucleon transfer product nuclei around A=160,
and estimate relative yields for the wvarious reaction
channels. Results of note include the ground state band
up to 10% in neutron excessive Gd, waich was little
studied up to now. The range of application of this method
of study will be discussed.

*Supported by the U.S. DOE.

10:00

BC6 Electromagnetic Properties of Tungsten tuclei.
C.Y. WU, D. CLINE, E.G. VOGT, W.J. KERNAN, T. GZOSNYKA,
K. HELMER, R. IBBOTSON, A KAVKA, B. KOTLINSKI, NSRL
University of Rochester, R.M. DIAMOND, LBL --- The
quadrupole collectivity in 1%2°184W has been studied by
Coulomb excitation using 58Ni and 138Xe projectiles. A

*ol. 35, No. 8 (1990) 1657
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total of 35 E2 transition and diagonal plus 4 Ml matrix
elements for both the ground-state and 7 bands were
dotermined for !82¥. A similar set was measured for
184¥, In a separate experiment the lifetimes for
these collective states were measured using the recoil
distance method. These lifetime measurements are in
good agreement with the Coulomb excitation results. The
correlations of the extracted E2 matrix elements ) !
examined uasing the Cline-Flaum sum-rule Yechnique'’ will

be discussed in the framework of various collective

models. These correlations are well described with

quadrupole shape degrees of freedom. Strong mixing

bestween the f- and f-vibration degrees of freedom,

claimed in the pairing-plus-quadrupole model of Kumar

and Baranger, is not supported by the present results.

1) D. Cline, Ana. Rev. Nucl. Part. Sci. 36, 683 (1986).

10:12

BC? on-Line Nuclear Orientation of 8%Au,  Y.-S.
XU, K. S. KRANE, M. A. GUMMIN, and J. T. ELLIOTT, QOregon
State Univ,, H. K. CARTER and I. C. GIRIT, UNISOR, D.
RUPNIK and E. F. ZGANJAR, Louisiana State Univ,, J. L.

WOoOD, Georgia Tech,, P. F. MANTICA, JR. and B. E.
ZIMMERMAN, Univ, of Maryland.*---Gamma-ray angular

distributions have been measured for more than 100
transitions emitted in the decay of 53-s 18%Au oriented
on-line at a temperature of 8 mK. Based on the
anisotropies of the gamma rays and on spectrosconic data
(conversion coefficlients, gamma-gamma and electron-gamma
coincidences), we will propose a new level scheme for
184p¢ that removes many of the ambiguities in level
placements and spin assignments of the previous scheme.
Of particular interest is the use of E2/Ml mixing ratios
of AT =~ O interband transitions to determine the
character of states of the low-lying coexisting
spherical and deformed bands and to determine
unambiguously the E0 content of the transitions.

*Supported in part by the U.S. DOE under contracts DE-
FG06-87ER40345 (0SU), DE-AC05-760R00033 (UNISOR), DE-
FGO05-84ER40159 (LSU), DE-FG05-87ER40330 (Ga. Tech.), DE-
FG05-88ER40418 (Md.).

10:24

BC8  High Spin Studies in the Nucleus 190Hg*

1.G. BEARDENZ, R.V.F. JANSSENSD, M.P, CARPENTERb,

P.J. DALYP, I. AHMADP, PH. BENETZ, M.W. DRIGERTC,
P.B. FERNANDEZD, U. cARGY, z.W. GRABOWSKIZ, E.F.

MOOREP, T.L. KHOOP, W. REvIOLd, F,L.H. woLPsP, p. Yed.
High spin states in the nucleus 19°Hg were populated

with the 160G6d(34s,4n) at 159 MeV. Several band
structures have been established from the -7
coincidence data. Most of these structures correspond
to the collective rotation of the oblate deformed
1904s nucleus, but a structure with irregular energy
spacings probably corresponds to particie alignment of
a prolate non-collective nucleus (§=-120°). Finally,
¢ superdeformed band has also been observed.

Comparisons with neighboring nuclei will also be

presented.

8J/purdue University, West Lafayette, IN, 47907
bargonne Naticnal Lab., Argonne, IL, 60439

C)INEL., EG&G, Idaho Falls, ID, 83415

d)yniversity of Notre Dame, Sound Bend, IN 46556
*This work was supported by the U.S. Department of
Energy, Nuclear Physics Division, under contract
W-31-109-ENG-38, DE-AC07-76ID1570 and DE-FG-02-87-
ER40346 and the ISF under erants PHY-88-02279.

10:36

BC” Population of Superdeformed States and

Cor _t. -~n with Pission™ E.F. MOORE, R.V.F. JANSSENS,
T. . Ruo. I. AHMAD, M.P. CARPENTER, R.R. CHASMAN, and

v

T #JLFS. Lrgonne National Laboratory, Argonne,
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Illinois 60439™ K.B. BEARD, D. YE, and U. GARG
University of Notre Dame, Notre Dame, Indiana 46556

PH. BENET, P.J. DALY, and Z.W. GRABOWSKI, Purdue
University, West Lafayette, Indiana 47907, M.W. DRIGERT,
Idaho National Engineering Laboratory, EG&G Idaho, Idaho

Falls, Idaho 47907, USA. We have measured the average
entry points for superdeformed (SD) and normal states in
1924g ysing the 160Gd(36s,4n) reaction at several beam
energies between 154 and 172 MeV. Compared with normal
states, the superdeformed states have entry spins ~10 h
higher and internal excitation energies (U = E* -
Egyrage) at least 2 MeV lower. Clearly the initial
population for the SD band originates from higher spin.
By comparison with calculated £ - distributions of
evaporation residues, using CASCADE to compute the
fission competition, we find that the initial population
of the SD band originates from the tail of the
evaporation residue spin distribution. For this system,
there is also a rapid onset of fission with increasing
£, severely limiting thc surviv 1 probability at highest
2(>40 h).

*This work was supported by the U.S. Department of
Energy, Nuclear Physics Divislon, under contract No.
W-31-109-ENG-38.

10:48
BC 10 The Structure of 196
implicati 3 S. Fischer, A.

implications to Supérsymmetry.
Aprahamian, University of Notre Dame, E. A. Henry,
L. Mann, R. A. Meyer, N. Roy, and G. Struble,

ren ivermor nal Laboratory---We have
undertaken a study of the odd-odd 196Au nucleus to
test the validity of supersymmetry conceptsi:2 in
the nuclear domain. The 196Au nucleus has been
studied by electron-gamma and gamma-gamma
coincidences following the (t,2n) reaction on 195Pt
and by gamma-gamma coincidences following the
(p,n) reaction on 196Pt, We will present the
resulting, low-lying, level scheme and discuss it in
terms of supersymmetry.
1A, Arima and F. lachello, Phys. Rev. Lett. 44, 772 (1980).

2p, Van Isacker, J. Jolic, K. Heyde, and A. Frank, Phys. Rev.
Lett. 54, 653 (1985).

11:00

BC i1 Neutron Single-particle States above N=152
Subshell™ I. AHMAD, R. R. CHASMAN, A. M. FRIEDMANT,
Argonne Nat.onal Laboratory, S. W. YATES, University
of Kentucky. Identification of single-~particle
states, in particular, the 1/2+{880) arising from the
ki7/2 shell state, is important for the calculation of
shell corrections which are relevant to the stability
of superheavy elements. To identify these states one
must study level structures of nuclei with neutron
numbers greater than 152, so that the levels of
interest are close to the ground. We have therefore
studied the levels in 251Cf populated in 259Cf(d,p)
reaction at the Argonne FN tandem Van de Graaff
accelerator. The outgoing protons were analyzed with
an Enge split-pole magnetic spectrograph with high
resolution (FWHM=7 keV). In the spectrum we
identified all particle states betueen N=152 and N=164
subshells. In particular, we have made a delinite
identification of the 1/2-([750] band at 633 keV and
tentative identification of the 1/2-(761] band at 1250
keV. From the energies of these two states one can
determine the locations of the hjjyp and jyay2 shells.
We did not find the 1/2%({880] band below 1 MeV
excitation energy.

*Work supported by the U.S. Department of Energy,
Nuclear Physics Division, under contract
W-31-109-ENG-38.

*Deceased.
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H, Weller, presiding
9:00
BD 1 Complete Spin Observables for Polarized Proton

Scattering from Polarized 3He and 13C. G. HE, R.H. LANDAU,
and T. MEFFORD, Oregon State University*. — The scattering

matrix for two spin § particles has the spin-space structure

T = Sla+)+(a=b)oy-fog- ik (c+ d)op-hog-h

+ (c=d)oy-log T+ e(0p+ 02) - + f(0p - 02) - ) 1)

We have organized the 36 independent polarization observables for ‘

the general scattering of two spin % particles into different classes
based on the difficulty of their measurement (the number of initial

and final polarizations required), and have separated the large or

significantly varying ones.

We have used a microscopic, momentum space optical potential
to predict all polarization observables for 250-650 MeV proton scat-
tering from the 3He and 13C nuclei. This includes proper off-shell
kinematics, no small angle approximations, and off-energy-shell
NN T matrices based on modern phase shifts and potentials. The
observables are presented in three-dimensional plots.

* Research supported in part by the U.S. Department of Energy

9:12

BD2 Report on Measurement of Cyy and A, for p(iid)y at
T,=183 MeV. C. BLOCH, SE PATE, S.E. VIGDOR,
J. SOWINSK], S.W. WISSINK, H.O. MEYER, W.W. JACOBS,
S.M. BOWYER, T.W. BOWYER, E. PIERCE, C. WHIDDON,
G. XU, IUCF, M.A. PICKAR, U, of Kentucky, PL. JOLIVETTE,
Hope College. - Recent calculations of fip «— dy observables'?
suggest that measurement of the spin correlation parameter Cypy
is a more sensitive test of relevant reaction mechanisms than are
the analyzing powers or differential cross section. In particular,
one should be able to distinguish between different methods for
including mesons and isobars. We have begun to measure A,
AP, and Cyy at JUCE. Polarized neutrons, produced by the
d(p,ii)pp reaction, are incident on a polarized proton target.
Deuterons and y-rays are detected in coincidence over the
laboratory angle range 67,, = 34° - 132°. We present a status
report with some preliminary data,

! W. Jaus and W.S. Woolcock, Nucl. Phys. A480, 573 (1988).
2 H. Arenhovel, 1986 CEBAF Summer Study.

9:24

BD 3 g, Ay and » Measurements for 200 MeV Proton
Scattering from 2°Pb*, J. LISANTTLE. J. STEPHENSON,A..
D. BACHER, P. LI, R. SAWAFTA, P. SCHWANDT, S. P.
WELLS, S.W. WISSINK, Indiana University Cyclotron Facility
We have measured the cross section, analyzing power and the
normal spin-transfer coefficient Dy v for 200 MeV proton scat-
tering from 2%*Pb at 1ab angles of 8, 10, 12 and 15° covering an
excitation energy of 2 to 24 MeV. The resolution of the data
is 40 keV. The cross section data will be compared {o elec-
tron scattering data’ of a similar resolution in order to study
the fine structure of the giant resonance region. Spin-flip data
along with spin-flip cross sections will be presented in compar-
ison to RPA celculations? in order to help determine spin-flip




dipole and quadrupole distributions.

*Work supported in part by NSF grant PHY 87-14406
1. G. Kilgus, Z. Phys A 326,41 (1987)

2. J. Wambach, private communication

9:36

BD4  Estimates of parity-violatiun with polansed neutrons.
E. D. DAVIS®, 1. of Arizona, A. MULLER and H.-L. HARNEY,
MPI {. Kernphysik, FRG, and V E. BUNAKOV, Leningrad Insti-
tute of Nuclear Physics, USSR Remiarkable violations of parity
have been ubserved 1u polarised epithermal neutron transmission.
A model has been developed! which incorporates parity violation
into the statistical theory of nuclear reactions, thereby permitting
a systematic theoretical study. The fundamental parameter of the
theory is the spreading width I'}V. The consistency of the model
with the most extensive experimental study? to date of parity vio-
lation in a given nucleus (**°U) is discussed. With the acquisition
of additional information on I'f¥ in mi d, wide-ranging estimates
of parity violation are presented for both epithermal neutrons and
neutrons of kilovolt and higher energies.

* Supported by NSF grant PIY87-2382.
1 A. Miiller, et al., submitted to PRL.
% J. D. Bowman, et _al., submitted to PRL.

9:48
BD 5 Polarization Effects in the 3He(d.3Hep)n and 3He(d
Reactions at Eg = 17 MeV. Z. AYER and S.E. DARDEN, U. of

Notre Dame®, S.SEN, Thomas More College, and R.E. WARNER,
Oberlin College-—-To investigate the role played by nucleon-nucleon
final-state interactions in the deuteron breakup on 3He, we have
measured triply-differenual cross sections and vector analyzing
powers for the 3He(d,*Hepjn and 3He(d,1p)p reactions in kinematic-
ally complete geometry at Eg = 17 MeV. Breakup spectra produced
by bombardment of a “He gas target were detected by four counter
telescopes placed symmetncally on exther side of the beam. 3He-p
and t-p coincidence spectra were obtained at five sets of 3He/t and p
angles. The kinemauc loci for these angle pairs contain regions
where the relative nucleon-nucleon energy is close to zero. Our
results will be presented and compared to predictions of simple
two-step calculations. We have also measured tensor analyzing
powers T2 & T22 for one of these angle pairs. In addition,
comparisons will be made between Impulse Approximation
calculations and our measurcments in the kinematic regions where
the quasi-free scattering/reaction mechanism 1s dominant.

*supported by the Natonal Science Foundation under Grant No.
PHY 8803035.

10:00
BD6  _ Spin Observables in_the 180(3.'6)_@1_
28s{(p.n) Reactlons at 135 MeV.* J.W. WATSON, M. RAHI,
B.D. ANDERSON, A.R. BALDWIN, R. MADEY, MARCO R.
PLUMLEY, J. SCHAMBACH, Kent State U., P.J. PELLA,
Gettysburg College € C FOSTER, IUCLT We measured
the analyzing power Ay(a). tne polarization function
P(8) and the transverse polarization-transfer
coefficient Dpn(6) for the 180(p,n} and 28si(p,n)
reactions at 135 MeV. Data were tazken with a
calibrated., high-efficiency. neutron polarimtcr1 for
8=0°, 5°, and 10°. Data for Dy, will be compared with
results for 160,2 40,48¢43 and 208pp.4  Large values
of P-Ay are observed for some final states.
1 J.w. Watson et al.. Nucl. Instr. & Meth. A272, 1750
{1988}
J.W. Watson et al., proceedings of the 7th
Internatiunal Conference un Polarization Phenomena in

Vol. 35, No. 8 (1990)
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Nuclear Physics Paris, France, 1990

J.W. Watson et al., Phys. Lett. 181B, 47 (1986)
4 Marco R. Plumley et al., Bull. Am. Phys. Soc. 33,

1582 (1988)

10:12 s
BD 7 Absolute differential cross section for deuteron photodisintegra-
tion at 67 MeV. P.T. DEBEVEC, P. D. HARTY, R. T. JONES, U of
linois a -Champaign, and D. A. JENKINS, VPI&SU.¥-The
absolute differential cross section for d(y,p) has been measured with a
large acceptance detector and a tagged photon beam at a mean energy of
67 MeV. The data are ir excellent agreement with the compilations of
De Pascale et al 1 and by Rossi ez al.2 The data are compared to
theoretical calculations duc to Arenhovel3, Cambi et al4, Jaus and
Woolcocks, Laget§, Nagomyi et al.7, PartoviS, Rustgi e al.9 and Ying
et al.19, not all of which account for the data equally well.
*Rescarch supported in part by the National Science Foundation,

IM. DcPascale er al., Phys. Lett. B 114 , 11 (1982).

2P. Rossi et al. Phys. Rev. C 40, 2412 (1989).

3R, Arcahovel, private communicauon, and 1o be published in Few-Body Systems.
4A. Cambi et al., J. Phys. G 10, L11 (1984) and private communication.

5w. Jaus et al., Nucl. Phys. A 473 667, 685 (1987) , and private communication.
61. -M. Laget, Phys. Lett. B 199, 493 (1987) and private communication.

7s.1. Nagomyi et al., Sov. J. Nucl. Phys. 44 760 (1986), and private
communication.

8F. Partovi, Ann, Phys. 27, 79 (1964).
9M. L. Rustgi et al., Phys. Rev. C33, 1823 (1986), and private communication.
10g, Ying es al., Phys. Rev. C 38, 1584 (1988) , and private communication.

10:24

BD 8 eas! ent of t ross Secti th io

pitp o p+pd x° Near .* M.A. ROSS, A. BERDOZ,
F. DOHRMANN, J.E. GOODWIN, H.O. MEYER, M. G.
MINTY, H. NANN, P. V. PANCELLA, R. POLLOCK, T.
RINCKEL, F. SPERISEN, B. von PRZEWOQSKI, S. PATE,
Indiana University Cyclotron Facility- The first nuclear physics
experiment at the IUCF Cooler ring is & measurement of the cross
section for the reaction p + p — p + p + #° near threshold. The
Cooler, together with a thin internal H; gas jet target, allows for
a precise cross section measutement by providing well-defined in
teraction energies and by elimnating background from p-nucleus
pion production which has a much lower threshold. A cylindri-
cally symmeteric detector system has becn installed in one of the
straight sections of the ring and is used to detect the coincident
protons with good energy and angular resolution. The mass of the
unobserved particle is then deduced. Elastically scattered protons
were detected at the same time and by the same detector as the
pion production events. Elastic scattering was used for normal-
ization to obtain an absolute p + p — p+ p+ #° cross section.
Cross section data has been obtained at 9 bombarding energies
in the range 282-325 MeV.

*Work supported by the National Science Foundation.

10:36
BD9

: 3H determined from_the sub-Coulomb
95Mo(d.1)94Mo reaction.® R.K.Das, D.J.Abbott, T.B.Clegg,
E.R.Crosson, K.A.Fle*~her, H.J.Karwowski, S.Lemieux and
E.J.Ludwig, Univer —North_Carolina_at_Chapel Hill and
Trangle Universities .ulear Laboratory, Angular distributions of

differential crose ~~ ..n and tensor analyzing powers (TAP) have
been measuiv. he g.s. transition of this reaction at 7.0 MeV.
The mofivation for this experiment was to determine the D-state
probability (Dp) in the triton wave funclion using the finite-range
DWBA calculation to calculate TAP, since the TAP are sensitive to
the Do parameter!. Several favourable conditions for precise
determination of the Do parameter are present in this reaction.
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(1) Since both the deuteron and the triton are prevented from
penetrating into the nuciear intenor, the transferred nucleon wave
function can be accurately calculated. (2) The reaclion cross-
section is small compared to the elastic cross section due to the
weak coupling of the channels at this energy and therefore the
DWBA calculations are insensitive to the optical mode! parameters
used in the calculations. (3) The reaction has a unique jtransfer,
and ils spectroscopic factor is very well predicted by the sd-shell
model caiculations. The results of this analysis will be presented.

*Work supported in part by the USDOE Contract No. DE-AS05-76ER02408
1L.D.Knutson,et al. Phys.Rev.Lett 35,1570(1975).

10:48
BD 10  Ground-State Widths of SHe and SLi, M.J. BALBES, L.H.
KRAMER, G. FELDMAN, H.R. WELLER, angjlmnx and

TUNL,* DR TILLEY, NQPh_legna.S.lmﬂhIm:mux and TUNL*
-- The 3/2- ground states of "He and °L1 are unbound to nucleon decay

by 0.89 and 1.97 MeV respectively. We have measured the widths of
these states using the *H(d,y)’He and the 3He(d,y) Li reactions at Eg =
8.6 MeV. The y rays were detected at 9(lab)=90° by two
anticoincidence-shiclded 25.4 cm X 25.4 cm NaI(T1) spectrometers. A
tritiated titanium foil was used to measure ¥y rays fgom 5He and a
gaseous “He target was used to measure y rays from °Li. The y-ray
spectra were fit with a convolution_of the Nal lineshape response
function, as measured with the “H(p,y)*He reaction, and a
Breit-Wigner (B-W) single-level expression. With the energy
dependent shift function omitted from thg B-W expression, the
“"observed widths, ['9,=0.71£0.04 MeV for He and I'V,=1.7510.15
MeV for SLi, are consistent with previously accepted values.! The
"proper" widths, which include the effects of the energy-dependent
shift function, were extracted from the spectra and fogmd to be
IM=1.3630.19 MeV for °He, and I'y=2.44+0.21 MeV for °Li,_If the
reduced widthg for neutron decay oP S5He and proton decay of SLi are
equal (1,2=Y,2), then the ratio of the widths, I',/Ty, is predicted to be
the ratio of the penetrabilities, P(Ep res)/P(En,res) = 1.79. The ratio of
the "proper” B-W widths is in agreement; '/l = 1.7940.29.

1) F. Ajzenberg-Selove, Nuclear Physics, A490, 3 (1988)

*Partially supported by USDOE Contract no. DE-AC05-76ER01067

11:00
BD 11  Energy-Weighted Coulomb Sum Rule for Mass-3.
B. DOYLE and B. GOULARD, Umversité de Montréal®
and G. CORY, Collége Militai aint-Jean*-We
focus on the role of the short-range part of the nucleon-
nucleon interaction in the three-nucleon system by calculat-
ing the energy-weighted coulomb sum rule (EWCSR)'. We
use the bound state Faddeev wavefunctions to calculate the
EWCSR. We find results using the SSC, Argonne, Paris and
Bonn realistic nucleon-nucleon interactions.
*Supported in part by the National Science and Engi-
neering Research Council of Canada.

1V.R. Pandharipande, Nucl. Phys. A497, 43c (1989).

11:12

BD 12 w Accurate ] t sen of the i inth
N(y,m)A Reaction? A M BERNSTEIN, MIT, R BECK, Univ of IL,
T.S. H.LEE, ANL, S. NOZAWA, TRIUMF. - - - Our only experimental
information on the E2/M1 ratio in the N — A electromagnetic excita-
tion 1n from multipole analysis of the /¥ (v, ) reaction. Its determination
15 made difficult by the dominance of the M1 amplitude and because the
E2 amplitude has both resonaut aud nun-resonant cuntributions. The
particle data group quute the value of 1.3 & .5% bat values varying
from 0 to -5% have been obtained from the same data set indicating a
large model dependence. There has bean no specific study of the sensi
tivity of the observables (differential cross sections and polarizations) to
the magnitude of the E2 amplitude. We have performed calculations to
study this sensitivity using the model of Nozawa, Blankleider and Lee
for the N{7,7) reaction. Most of the observables, including the differ-
ential cross section, are insensitive to the E2 contribution. The largest

sensitivity is the polarized photon asymmetry which changes by ~ 10%
for a 3% E2/M1 contribution. We conclude that the experimental er-
iuls aie Loo large at this time to have an accurate determination of the
resonant E2 contnbution to the N — A transition. We shall present
suggestions un how Lo determine the (theuretically 1nteresting) resonant
part of the E2 amplitude from {uture polarization experiments.

SESSION BE: THEORY II: REACTIONS
Friday morning, 26 October 1990
Room 158, Loomis Laboratory at 9:00

J. Vary, presiding
9:00
BE 1 A Model for Large Cluster T

Reactions Leading to Heavy Actinides.M.T.MAGDA,
SUNY at Stony Brook--- A mechanism is proposed
to describe transfer reactions leading to
heavy actinides, based .on the assumption that
large clusters produced by projectile fragmen-
tation are captured as a whole by the target
nucleus. The primary cross sections are cor-
rected for neutron emission from the excited
nuclei. bpata obtained at LBL and GSI for the
Bk-,Cf-,Es-,Fm-,Md-,No- and Lr-isotopes pro-
duced in reactions induced by various projec-
tiles, ranging from C to Ca are well described
by the model. :

9:12

BE 2 Inverse Reactions and the Statistical
Evaporation Model:ingoing-Wave Boundary-Con-
dition and Optical Models. JOHN M.ALEXANDER,
M.T.MAGDA,SUNY at Stony Brook, S.LANDOWNE,
Argonne National Laboratory.--- The calcula-
tion of transmission coefficients for emitted
particles is fundamental to applications of
the statistical evaporation model for the de-
cay of the compound nucleus. In this work we
compare the usual type of optical model calcu-
lation of transmission coefficients for neu-
tron,proton,deuteron,triton and alpha parti-
cles with corresponding ingoing-wave boundary
cor 'tion calculations. In the latter case the
tz. .ssion coefficients simply give the pro-
bab._ity for transmission through the real
potential barrier., This comparison highlights
features that are specific to the optical mo-
del such as transparency,shape resonances and
peripheral absorption. It also draws attention
to the issue of whether, simple barrier trans-
mission coefficients are more appropriate for
use in the statistical evaporation model.

9:24

BE3 Glauber Calculations For The Elastic Scattering Of
Radioactive Nuclei H.N. Chehime*,lJ. Wisconsin-Madison. Stim-
ulated by recent experimental results /" on radioactive weakly
bound systems like.!! L2, a Glouber approximation was used to
calculate the clastic cross section for M Li4-12C at EJA = 85MeV.
The Glauber calculations have shown some agreement with fold-
ing model optical calculations. Contrary to expectations, the
weakly bound di-neutron halo in ''Li had no significant effect
on the cross scction, The Glauber calculations show an enhance-
ment of the far- side component of the elastic cross section when
comparted with 12C 4-12 C' thus implying a more refractive nature
in the weakly bound system which can’t be simply explained by
the di-neutron halo, ’

*Rescarch supported in part by the National Science Foundation.
1. I. Tanihata et al.,Nucl. Phys. A488 (1988) 113c.

Vol. 35, No. 8 (1990) 1660



9:36

BE 4 The Langevin Equation Description of Nuclear Fission

NEIL L ROETH*, U. Wisconsin-Madison - The Langevin equa-
tion description has been applied to nuclear fission. The input to
this description is a temperature, a friction,/fluctuation parame-
ter, an initial configuration, and a choice of suitable coordinates.
If the coordinates are the elongation and mass asymmetry, the
output from this description will include fission rates as a function
of time, and mass distributions. T'.is choice of coordinates also
leads to coordinate dependent inertial, friction, and fluctuation
terms in the equations. Two aspects of the numerical solution of
the Langevin equation have been studied and evaluated for effi-
ciency and accuracy: integration schemes higher than first order,
and a variety of random number generators. The Langevin equa-
tion is a stochastic differential equation. Higher order schemes for
stochastic differential equations can be derived by the same pro-
cedure used for ordinary differential equations, but the stochastic
terin severely limits the atlainable efficiency. The accuracy of the
results is lughly dependent on the umiformity and period of the
random number generator.

*Research supportedin part by the National Science Foundation.

9:48

BES Coulomb Effects in Proton-Nucleus Elastic Scattering.!
C.R. CHINN, Physics Dept., LLNL, CH. ELSTER, Dept. of
Physics, Ohio State Univ. and R.M. THALER, Theory Div.,
LANL and Case Western Reserve Univ. — The recently propos-
ed exact method for the momentum space calculation of a charged
particle scattering from a combined Coulomb and short-range
potential! has been implemented into the WIZARD program? for
the case of elastic proton-nucleus scattering. The short-ranged
potential used will be the first-order KMT impulse approxima-
tion?. The adaptation of the KMT prescription to include the
Coulomb interaction will be discussed. Numerical results for
angular distributions and spin-observables for protons scattered
from various target nuclei at incident energies from 200 to 800
MeV will be presented. These results will also be compared with
previous approximations to the Coulomb distortions and their
conclusions will be reexamined.

t Research supported in pare by the Department of Energy.
!Ch. Elster, L.C. Liu, R.M. Thaler, Sub. to Phys. Rev. C

2A. Picklesimer, P.C. Tandy, R.M. Thaler, and D.H. Wolfe, Phys.
Rev. C 30 (1984), 2225.

10:00

BE6 The Quasi-molecular State and the Nature of N-N
Interaction in Heavy fon Collisions. Y. R. WAGHMARE,
Indian _Institute of Technology--Heavy ion fusion reactions
using classical and semi-classical approaches are considered.
Dependence of fusion cross sections on the nature of the
effective N-N interaction is investigated. It is observed that
the cross sections are sensitive to the long range part of the
interaction. Reactions involving 160, 12C and 40Ca nuclei
are considered. In the classical approach the concept of a
nucleon consisting of "partons"” is used to simulate Pauli
principle. Good agreements are obtained between theory
and experiment.

10:12

BE7  Description of Nuclear Structure Effects in

Fusion by the Interacting Boson Model J. BENNETT and
A.B. BALANTEKIN®, U._Wisconsio Madison, One commonly

Vol. 35, No. 8 (1990)
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utilized approximation to the multidimensional barrier penetra-
tion problem in fusion reactions below the Coulomb barrier is the
sudden approximation, in which the internal degree of freedom
is assumed to have a degenerate spectrum. So far attempts to
incorporate nuclear structure effects in the description of subbar-
rier fusion via the sudden approximation used the geometrical
model of Bohr and Mottelson or its simplifications. In this talk a
preliminary report on the use of the Interacting Boson Model to
describe nuclear structure effects is presented.

*Research supported m part by the University of Wisconsin Re-
scarch Commuttee with funds granted by the Wisconsin Alumni
Research Foundation and 1 part by the National Science Foun-
dation.

10:24

BE R Effective Potentials for Deuteron-Nucleus Scattering from a_Poincaré
Invariant Relativistic Wave Equation*, V.K. MISHRA, Kent State Univ--
Recently a new class of higher spin relativistic wave equation based on Poincaré
invariance has become available. These give causal and well-behaved sotutions
for arbitrary spin Coulomb scattering. We investigate the spin-one equation in
external vector and scalar potentials and derive the effective potentials for
deuteron-nuclcus scattering.  Comparison with traditional spm-one cquations
like KDP, Proca and Weinberg will also be presented.

1 W.I Fushchich, A.G. Nikitin and W.M. Susloparow, Nuovo Cimento
874, 415 (1985).

*Work supported by National Science Foundation.

10:36

BE9 Structure of Exotic Nuclej, A. SUSTICH MSU-NSCL*
- The structure of exotic nuclei is studied by examing the reaction
and breakup cross sections for secondary beams of these nuclei on a
variety of targets. A new diffractive eikonal model has been devel-
oped to calculate the nuclear reaction and breakup cross sections.
We examine reactions involving exotic projectiles at 790 MeV/A.
Fundamental differences are observed in the behavior of these cross
sections compared to those for more stable nuclei.

* Work supported by the National Science Foundation under Grant
PHY-8714432.

10:48

BE10 Effects of Distortions in the (N,N'r) REACTION.

R. MEHREM, J1.T. LONDERGAN, and G. E. WALKER,
Nuclear Theory Center, Indiana U.*— Results for the distorted
wave calculations of the exclusive reaction 0(p,p'at)!SN* |
using an isobar dominated microscopic model, will be presented
and compared with earlier plane wave celculations.! The
distorted waves are taken as a superposition of plane waves
with the coefficients obtained from experimental input. The
significance of the intermediate pion self energy will also be
discussed.

*Supported by the NSF.

I R. Mchrem, J.T. Londergan and G.E. Walker, Bull. Am. Soc.
35, 1019(1990).

11:00

BE11  Microscopic Calculations of the 2%8Pb.208Ph System.!
J.F. BERGER', C.R. CHINN, and M.S. WEISS, Physics Dept..
Lawrenve Livermore National Laboratory — Static simulations
of the collision of two *™Pb nuclei have been performed using a
constrained Hartree-Fock-Bogolyubov calculation. Preliminary
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results of the 22Pb-2%Pb system contain veriations of the fusion t Research supported in part by the Department of Energy.

and fission sequences found in a previous ¥8U-8U calculation! * Permanent address. Service de Physique et Techniues Nu-
Indications are that in hight of anomalous e*-¢™ pair production cléaire, Commissariat & I'Energie Atomique Bruyéres-le-Chétel,
discussions, the 298Pb-208Pb system may produce a very differ-  France.

ent situation. These calculations are being examined in detail. ! J.F. Berger, J.D. Anderson, P. Bonche and M.S. Weiss, To be
Results and conclusions will be presented. Published in Phys. Rev. C.

INVITED SESSION CA: NEW IDEAS ON OLD PROBLEMS
Friday afternoon, 26 October 1990; Room 141, Loomis Laboratory at 15:30; B. Clark, presiding

13:30
CA 1 Chaos in Nuclei? G. E. MITCHELL, North Carolina State University.

Searches for quantum systemas which display chaotic behavior have renewed interest in statistical nuclear spectroscopy.
Bohigas, Giannoni and Schmit! conjectured that quantum analogs of classically chaotic systems display fluctuation
properties which coincide with the predictions of the Gaussian orthogonal ensemble (GOE) of random matrix theory.
This suggests that the fluctuation properties of nuclear levels may be used as a signature for chaos or regularity. High
quality nuclear resonance data display the long and short range order predicted by GOE2 For one nucleus, 20Al, alt
levels are known from the ground state to the resonance region. Analysis of the first 100 positive parity states su fgests
that the fluctuation properties lie between the GOE and Poisson limits and are independent of excitation energy.3:
Although there is no other data set of sufficient quality to permit such analysis in a single nuclide, there are 1..any nuclides
whose level schemies are complete over a more limited range of energies. Our analysis of a larger data set (160
sequences of levels in 60 nuclides) shows a strong dependence on the mass number A, with suggestions of effects due to
spin and deformation.

*Supported in part by US Department of Energy, Office of High Energy and Nuclear Physics (Grant No.
DE-FG05-88ER40441).

10, Bohigas et al., Phys. Rev. Lett, 52, 1 (1984).

2R. U. Haq et al., Phys. Rev. Lett. 48, 1086 (1982).

3G. E. Mitchell et al., Phys. Rev. Lett. 61, 1473 (1988).

43, F. Shriner, Jr. et al., Z. Phys. A 335, 393 (1990).

5T. von Egidy et al., Nucl. Phys. A454, 109 (1986); Nucl. Phys. A481, 189 (1988).

14:06 )
CA 2 Probing Neutron Structure Via Polarized Electron-Polarized *He Scattering.* TIMOTHY E. CHUPP, Harvard.

Experiments scattering polarized electrons from polarized sﬂe at the quasi-elastic peak -and in
deep inelastic scattering provide new probes of neutron structure. At the quasi-elastic peak,
the spin dependence is predominantly due to scattering from the meutron whose polarization ac-

cording to a Feddeev calculation is 872 in the 3He ground state. W¥ith the proper choice of
target spin orientation the neutron's elastic electric form factor can be extracted. In deep
inelastic scattering, the previously unmeasured spin dependent structure function of the neutron
can be measured. The deep inelastic data will complement the data on the proton and test the
Bjorken sum rule and nodels of the nucleons. Ongoing experiments at Bates, including those

enploying a high density 38e target based on spin exchange vith‘ laser optically pumped Eb, have
extracted asymmetries in quasielastic scattering. An approved experiment at SLAC will measure

deep inelastic scattering from a fixed, high densaty 3He target. The high density 3He target
has a thickness of 4::1020 x’xuclei/cm2 and attained polarization greater than 40Z. The oolariza-
tion was not noticeably affected by up to 22 pampere of 574 MeV electroms.

*This work was supported by the National Science Foundation and the DOE.

14:42
CA 3 Resolution of the (¥,p)/(y,n) Ratio Problem in *He.* H. R. WELLER, Duke University.

Previous experimental work on “He appeared to have established a ratio Ry = a(y,p)/o(y,n) of 1.7-to-1.2 for Ey = 25-35
MeV. Most theoretical efforts to account for this ratio have failed, and those which succeeded were erroneous or seem
unphysical.! A recent measurement of the (y,p) cross section on “He using monoenergetic photons gives a smaller cross
section than before and produces a ratio of 1.01 £ 0.06 for Ey = 28.6 - 42.4 McV.2 We have remeasured the *H(p,y)*He

Vol. 35, No. 8 (1990) ' 1662
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cross section in an effort to provide independent confirmation of this result. Our results confirm these new (y,p) cross
sections and produce a ratio cornsistent with conventional theoretical predictions, although the new (y,p) absolute cross
sections are not reproduced by these calculations. Other recent related experiments and thecretical calculations will be

reviewed.

*Work supported in past by US Department of Energy, Office of High Energy and Nuclear Physics, Contract No.

DE-AC05-76ER01067.

1, R. Calarco, B. L. Berman and T. W. Donnelly, Phys. Rev. C27, 1866 (1983).

2R. Bernabei et al., Phys. Rev. C38, 1990 (1988).

15:18

CA 4 New Views of the (e,e’p) Knockout Reaction. A. MAGNON, C.E.N. de Saclay, France.

A systematic study of the (e,e'p) reaction on 28, 3

He,
coulomb structure functions are determined, is ending at Saclay.
0.85 GeV/c at recoil momenta, pr, in the quasi elastic regime were probed.

Ca, in which the magnetic end
Momentum transfers, q, up to
It will be shown

I'He. and 40,

that, vithin the limits of validity of the impulse approximation, the q-dependence provides a

direct test of "nucleon swelling" effects.

Anomalies in the coulomb/magnetic responses relative
to theory and to similar effects in the inclusive (e,e'p) reaction will be discussed.

Data

shoving nucleon pair correlations at pr beyond the mean field region will also be shown.

SESSION CB: INTERMEDIATE ENERGY
HEAVY-ION REACTIONS

Friday afternoon, 26 October 1990

Room 151, Loomis Laboratory at 13:30

G. Westfall, presiding

13:30
C'll i n-Equilibri jectiles in_Coincidenc
ngle- Fission Fi D.E. FIELDS, JL.
WILE K. KWIATKOWSKI, K.B. MORLEY, E. RENSHAW,
S.J. YENNELLO AND V.E. VIOLA, Indiana University and
RG. KORTELING, Simon Fraser Unijversity - - Light-charged
particle (LCP) and intermediate-mass fragment (IMF) spectra
have been measured in comc:dence with angle-correlated fission
fragments in the 270-MeV “He + reaction. The position,
energy and mass of coincident fission fragments are used to
determine the linear momentum transfér and excitation energy
associated with the emitting sources of the LPCs and IMFs,
Mass- and charge-identified IMFs were detected at several
angles between 20° and 160°. Backward-angle LCPs were
detected for protons up to 70 MeV.

*Research supported by the NSF, and the U.S. Department of
Energy.

13:42
CB 2 Evidence for IMP_Pr ion Mechanism nge i
rmedi T + DA A Hisi J.L. WILE,

D.E.FIELDS, S.J. YENNELLO, V.E. VIOLA, KKWIATKOW.-

SKI, LW. WOO, K. MORLEY, E. RENSHAWY, Indiana
niversity Cyclotron Facility, R.1. DESOUZA, CK. GELBKE,

W.G. LYNCH, M.B. TSANG, W.G. GONG, H.M. XU, and N.

CARLIN, MSU NSCI --Inclusive intermediate mass fragment
(IMF) measurements have been performed on the 1N + MAg,

Au systems at seven bombarding energies ranging from E/A =
20 -100 MeV. Excitation functions, energy spectra, and angular
distributions for IMPF's were studied systematically over the
entire energy range. An enhancement in heavy (Z>8) IMF
production was observed in the energy range of E/A = 60-80
MeV for the N + "Ag reaction, indicating a change in the
IMF production mechanisms for this projectile-target combina-
tion. This result, as well as the relative abundanceg,,of isotopes
at forward angles, will be compared to the N + Ay system.

13:54

CB3 rch ltifragmen hold jn the 3
+ Ag Rgag}ngn, S.J. YENNELDO K. KWIATKOWSKI N.R.
YODER, JL. WILE AND V.E. VIOLA, M@@Jmm
EC. POLLACCO, C. VOLANT, R. DAYRAS, Y. CASSAG-
NOU AND R. LEGRAIN, DPhN/SEPN Saclay, FRANCE, and
E. NORBECK, University of Iowa -- An array of 36 large solid-
angle detector telescopeg has been employed to study multifrag-
mentation events in the “He-+ Ag reaction at 900 MeV and 3.6
GeV at the SATURNE 1 accelerator. The inclusive angular
distributions, energy spectra and charge distributions for complex
fragments (Z > 2) undergo a change in character between the
two bombarding energies. Fragment multiplicities are found to
be larger for the higher-energy data. The dependence of the
fragment kinetic energy spectra_ and charge distribution on
multiplicity wiil be examined. Simulations based on multifrag-
mentation models will be compared wiih the data.

*Research partially supported by the US Department of Energy.
and the NSF.

14:06

CB4 Observation of a Minimum in Collective Flow for
Ar+V Collisjons. D. KROFCHECK, D.A. CEBRA, M. CRONQVIST,
R. LACEY, T. LI, -A. VANDER MOLEN, K. TYSON, G.D.
WESTFALL, W.K. WILSON, NSCL, Michigan State U., A.
NADASEN, Univ. of Michigan-Dearborn, E. NORBECK, Univ. of
lowa, %--We have added a new measurement at (E/A)=100 MeV
to our previous excitation function for collective flow
of light fragments from Ar+V collisions. The previous
excitation function showed that flow decreased as the
beam energy was raised from (E/A)=45 to 85 MeV. This
provided hints to the beam energy at which flow disap-
peared for this system, but the lack of measurements at
higher beam energies precluded the observation of the
reappearance of flow. At a beam energy of (E/A)=100 MeV
the flow has reappeared and this allows an experimental
determination of the region where attractive scattering
balances with cepulsive scattering for these collisions.
% Work supported in part by the National Science

Foundation under Grant No. PHY86-11210.

14:18
CBS Azimuthal Distributions In Ar+V Collisions From

E/f=35 To 100 MeV W.K. WILSON, W. BENENSON, D.A. CEBRA,

*Research partially supported by the US Department of Enzrgy J. CLAYTON, M. CRONQVIST, S. HOWDEN, J. KARM, R. LACEY,
and the NSF T. LI, C.A. OGILVIE, A. VANDER MOLEN, A. NADASEH, G.'.
Vol. 35, No. 8 (1990) 1663
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WESTFALL, J.S. WINFIELD, AND B. YOUNG, NSCL, Michigan
State U.*--Azimuthal distributions of fragments with
respect to the reaction plane are studied as a function
of beam energy using the MSU ha Array in central and
peripheral collisons. For near central events, a new
method of reaction plane determination using azimuthal
correlations is introduced. Light charged particles are
found to exhibit an enhanced emission in the reaction
plane which increases with the mass of the observed par-
ticle. As the beam energy is increased the asymmetry
nearly disappears. Possible mechanisms behind the asym-
metry, such as rotational collective motion and directed
transverse momentum, will be discussed. Use of a
projectile-like fragment to determine the reaction plane
for peripheral collisions is explored.

* York supported in part by the Hational Science
Foundation under Grant No. PHY86-11210.

14:30

CB6 Excited State Populations for Fragments Produced
in 'He+Ag Reactions at 200 MeV . F.ZHU, W.G.LYNCH,
T.MURAKAMI, C.K.C:LBKE, Y.D.KIM, T.K.NAYAK ,R.PELAK,
H.M.XU, M.B.TSANG, NSCL, Michigan State U. *, D.E.FIELDS,
K.KWIATKOWSKI, R.PLANETA, S.ROSE, V.VIOLA, L.W.WO0O,
S.YENNELLO, J.ZHANG, IUCF, Indiana U. --We have measured
excited state populations for fragments produced lo
‘HlesAg reactions at 200 MeV. Measurements were performed
with a position sensitive hodoscope both at forward
angles, where non equilibrium processes are dominant, and
at backward angles, where contributions from compound
processes are important. The excited state populations
for forward and backward angles will be compared to il-
lustrate how these measurements depend on the reaction
mechanism, We will also compare the results with the pre-
vious measurements using heavier beams.

* Work supported in part by the National Science
Foundation under Grant No. PHY86-11210.

14:42 197 6
CB7 Multifragment decays in the reaction 9 3 Ar

at E/A = 35 MeV--R.T. DESOUZA, Y.D. KIM, D.R. BCWMAN,N,
CARLIN, C.K. GELBKE, W.G. LYNCH, L. PHAIR, M.B. TSANG.
NSCL, Michigan State U.*--Hultifragment decay in the
reaction 197au + 3%Ar at E/A = 35 MeV has been studied
with the Miniball, a new 4z detector array. Elemental
distributions from Z=1 to 2=18, as well as isotopic dis-

Au +

tributions for hydrogen and helium have been measured.
The average multiplicity for non-peripheral events is

eleven. Strong correlations between multiplicity and

fragment distributions is observed. Initial results will

be presented.

*® Work supported in part by the MNational Science
Foundation under Grant No. PHY86-11210.

14:54

CB8 Intensitv-interferometric test of nuclear
collisfon geometries abtained from the Boltamann-Uehling-
Uhlenbeck equation. W.G. GONG, C.K., GELBKE, W. BAUER,
R.T. DE SOUZA, Y.D. KIM, W.G. LYNCH, D. SANDERSON, M.B.
TSANG, H.M. YU, MSU-NSCL, N. CARLIN, U. de Sao Paulo, T.
MURAKAMI, Kyoto U., G. POGGI, INFN, S. PRATT, U.
Wisconsin, D.E. FIELDS, K. KWIATKOWSK

, R. PLANETA, V.E.
VIOLA, JR., S.J. YENNELLO, IUCF.--The dependence of two-
proton correlation functions on the total momentum of the
emitted proton pairs was measured, with good statistics,

Vol. 35, No. 8 (1990)

for the reactions '*N+?’Al and '*N+'*’Au at E/A=T75 MeV.
These data are compared to correlation functions
predicted for collision geometries obtained from
numerical solutions of the Boltzmann-Uehling-Uhlenbeck
equation. The calculations reproduce the order of
magnitude of the experimental correlation functions, but
some discrepancigs remaln. The sensitivity of the
calculated correlation functions to the in-medium
nucleon-nucleon cross section and the equation of state
will be discussed.

15:06 6 »
CB9  Neutron Spectra from SCArsAg at E/36=35 MeV." _D.
Sackett, A. Galonsky, K. GCelbke, H. Hama, L. Heilbronn,
D. Krofcheck, W. Lynch, B. Tsang, X. Yang, NSCL, Michigan
State U.--F, Deak, A. Horvath, A. Kiss, Z. Seres
Budapest; J. Kasagi, Tokyo Inst. Tech., T. Murakami,
Kyoto U., H. Schelin, CTA, Brazil. We have detected
neutrons at angles of 15, 30, 45, 60, 90, 120, and 160°.
The energies were determined by measuring the neutron's
time of flight, and neutron events were distinguished
from gamma-ray events with a two-dimensional pulse shape
discrimination technique. A moving source analysis of
the neutron spectra will be presented.

* Work supported in part by the National Science
Foundation under Grant Nos. PHY89-13815 and INT86-
17863 and by the Hungarian Academy of Sciences.

15:18

CB 10 Isotope Identification of %0 breakup fragments
at 70 to 110 MeV, 5.J. PADALINO, S. LASSELL and D.
CIGNA, State University of New Yo t Geneseo and L.C.
DENNIS, M. TIEDE and R. ZINGARELLI, Florida State U.--
Ratios of carbon, nitrogen and oxygen isotopes have been
rmeasured at several bombarding energies from 70 to 110
MeV in the %0 + 27A1, and 160 + 23S{ reactions. A TOF
plus DE-E system was used to detect energy, mass and
charge of ejectiles equal to or lighter than the
projectile’s mass. An unexpected fluctuation in the 15N
to Nitrogen isotope ratio was observed as a function of
energy, while over the same energy range the !2C to
Carbon ratfo dropped monotonically in 140 + 274l
reaction.

*This work was supported in part by a grant from the
National Science Foundation.

SESSION CC: INSTRUMENTATION II
Friday afternoon, 26 October 1990

Room 144, Loomis Laboratory at 13:30

P. Debevec, presiding

13:30

cC1 Fast Timing Properties of Scintillating Fibers.*

M. GAI and S. SEN, Yale University--Experiments involving
scintillating fiber detectors such as the Yale tandem 180 parity
cxperiment, the CEBAF-CLAS start detector, the BNL-AGS search for
strange matter, and the BNL g-2 experiment require good time
resolution. We have studied the timing characteristics of 0.976 MeV
clectrons traversing a single fiber, a fiber bundle (up to three fibers
across), and a fiber block in coincidence with a fast (BC422)
santidlator.  The tme resolution couid be character.zed as.
FWHM=1/+/N with 1 the phototube’s nise time and N the number of
photoclectrons. We obtain a time resolution as good as 6=250 psec
using fibers. Several different phototubes were used with Bicron
BCI0 fibers. The results obtained will be discussed together with a
suggestion for a readout system, currently under development at Yale,
that will allow for both good timing and good x y position.

°Supporicd by USDOE Contract No. DE-ACO02-76ER 03074

1664



1342

CC2 Impurity Mecasurements in a High Pressure Xenon
Ionization Chamber.* J GERMANI, C LEVIN, ] MARKEY,
Yale University--A 3 liter Xe gas ionization chamber, operating near
the critical point of Xe, has been run at a density of .85 g/cm3.
Tonization from a 207Bi conversion electron source has been drifted
over 2.1 and 6.8 cm. By comparing the charge collecied from these
two drift distances at the same electric field strength a measurement of
the electron attenuation length was made. From this an impurity
concentration of about 2 ppb oxygen cquivalent was found.
Measurcments have also becn made on cosmic ray muons traversing
these drift distances. In this case digitized pulses can be fit to
determine the impurity concentration. This detector is being developed
fur a '%%Xe double beta decay expenment, but could also be useful in
gamma ray astronomy and nuclear gamma ray spectroscopy.

*Work supported by USDOL Contravt No. DE-AC02-76ER03074.

13:54

3

Monte Carlo Simulation of Electron Trajectories from
136Xe Qv BB Decay.” C. LEVIN, J. GERMANI, J. MARKEY,
Yale Uaiversity- In 1*%Xe Ov B decay the single electron energy
distnbutiuns will be different depending on whether or not nght-
handed currents contnbute. A Monte Carlo calculation was developed
v simulate electron trajecturies in a high pressure gaseous xenon
winzauun chamber. Bremssuahlung and delia elevtron production
effects are included and are found to have a significant effect on the
charge deposition in the detector. By requiring clectron tracks to be
contiguous and localized, it is found that the efficiency of detecting Ov
double beta decay depends on whether right-handed currents are

resent.

Supported by USDOE Contract No. DE-AC02-76ER-03074

14:06
CC4 Pattern Recognition in the E814 Forward
Spectrometer.  S.V. GREENE, T.K. HEMMICK, J.T.

MITCHELL, B. SHIVAKUMAR, and Ch. WINTER Yale
University*, E. O'BRIEN Brookhaven National Laboratory*--
The E814 forward spectrometer 1s used 1n the idenufication of heavy
ions and mnimum iomizing particles emitted 1n a cone of approximately
0 8 degrees centered around the beam direction. It consists of two
dipole magnets, three tracking detectors, a scintillator hodoscope wall,
and a wall of segmented calorimeters. Pattern recognition proceeds
through the identification of track clements 1n dnft chambers, charge
clusters in pad chambers, and hit locations in the scintillator and
calorimeter walls. These picces of information are then combined
together, taking intn account their differences in character and
accuracices, 1o dentify tiack candidates and parucles. The identification
happens even when some of these pieces of information are missing.
We will present our pattern recognition strategy and discuss the
performance of the algorithms.

*Supported in part by the U.S. Department of Energy.

14:18

CC 5 Performance of the Yale Neutron Ball.* S.L. RUGARI,
M. GAIL R.H. FRANCE III, B.J. LUND, Z. ZHAO, Yale
University--The Yale Neutron Ball, a 2% amray of 35 ncutron
detectors consisting of six subunits of six ¢lements cach, has been
tested using standard neutron sources (Pu-Be and 252Cf, Eg~4MeV,
2MeV respectively) and with monoenergetic neutrons produced by the
reaction 4Hc(ch,n}'3C (EBcam=15McV). The detectors are
aluminum shells filled with hquid scnullator (NE213) 1o allow
ncutron gamma say discnmination. This dissnminauon, performed
with a new zeroviussuver Pulse Shape Disvnminator ), gives a figure
of ment of ~ 4.57°. Neutron time of flight has been measured with
wilie fesvintion of 3t 1.2 as \ansng pnmaniy frum the detectur
seumetry,. Individual mntnasic cfficicnvies of the ordet of 25% at 2

Vol. 35, No. 8 (1990)
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MeV neutron energy, and pulse height resolution of ~ 15% for 1.33
MeV gamima rays have been measured?). Crosstalk measurements
frum neutron scattenng between nearest and next nearest neighbors will
be presented.

1) S. Par et al., Nucl. Inst. and Meth. 4278 (1989) 749.

2) FOM=FWHM(y)/Peak Separation

3) M. Gai et al., Nature 340 (6 July 1989) 29.

*Supponted by USDOE Contract No. DE-AC02-76ER-03074.

14:30

CCé6 I | h It in u
J.CDEKAMP, H.LAUMER, C.TMAGSIG, J.ANOLEN, D.P.SANDERSON,
B.M.SHERRILL, and AF,ZELLER, -The NSCL Phase

1l beamlines are amanged to deliver beam from elther the K500 or K1200
supsrconducting cyclotrons to any of the Phase Il experimental vaults. Since
the rigidaty of the beams can be up to 1.6 GeV/c and the building Is relatively
small, superconducti:? quadrupoles were designed and built for these
beamlines. Superconducting switching magnets are also being used. The
systemcurrently underconstructionincludes 21 quadrupoledoublets, 2triplets,
and 9 dipoles.” These magnets were designed to be cost efficient in both
censtruction and operation. The magnet cryostats, which operate In a
batch-filled mode, are ali glumbed to a central liquid helium and liquid nitrogen
distribution system with the cryogen transfers being computer controlled; the
bolloff rates of individual magnet cryostats which were designed to provide just
enough cold gas to cool the leads are 0.2-0.5 I/hr, so that Including transfer
losses the complete beamline system will use about 10-15% of the hellum
liquifier capacity. The quadrupoles operate at a peak current of 20 amps and
the dipoles at 80 amps A short prot section of beamline with two
quadrupole doublets, a singlet, and a switching magnet was successfully used
for research in an interim vault during the calendar year 1989. In May of 1950
the first section of Phase |l beamline was used and the remalning sections are
expected to be operational by this Fall. A saction of the superconducting
beamline near the K1200 cyclotron serves as & beam analysls system and a
fragment separator for secondary beams, the A12001.

Research supported by the US National Sclence Foundation.
1. B.M.Sherrill, et al. Proc. First Inter. Conf. on Radloactive Nuclear Beams, Oct.
1989 (Nord Sclentific, 1990) p.72.

14:42

CcC17_ i -Infin
1o _Magnelic Spectrograph Design. M.BERZ, J.DITTMANN,
K.JOH, J.A.NOLEN, B.M.SHERRILL, and A.F.ZELLER,Mi.ch'L%an
State Univetsity--The recentapplicationof differential algebra (DA)
to beam dynamics! has made it practical to extend matrix optics
techniques to arbitrary order. We are currently evaluating the
usefulness of the code COSY-Infinity in magnetic spectrograph
design. Previously, we have used the optimizing code MOTER
which includes the program RAYTRACE as a subroutine. Using
the NSCL S8C0 design as a test case we have determined that
matnx calculations to seventh order provide precision adequate
for 104 energy resolution and 1 mr angular resolution, which are
the specifications for this spectrograph. There are 50 matrix
elements out of a possible several thousand which are relevant
tothe resolutions atthislevel. MOTERincludes the effects of finite
detector resolution in its optimization procedure, whereas,
COSY-Infinity currently does not. Our next goal, therefore, is to
develop a faster version of MOTER by using the high order matrix
tracking techniques of COSY-Infinity in place of the present
raytracing method. We also expect DA methods to be useful in
developing an algorithm for fast on-line trajectory reconstruction
from focal-plane detector position information.

Research supported by the US National Science Foundation.
1. M.Berz, Part. Accel. 24(1989)109.

14:54

cCs Secondary Beam Intensities from a Projectile Fragment
Separator J. A. WINGER, B. M. SHERRILL, and D. J. MORRISSEY,
MSU}  Recently, a great deal of interest has been shown in the exper
imentad ase of radioactive ion beams. A number of facilities have been
built 0. are under construction world wide which will allow separation
of rclatisely pure radioactive ion beams. One such facility is the A1200,
a project.le fragment separator at the NSCL. As part of the work lead-
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ing up to experiments using the A1200, we have developed a computer
code which allows fast, interactive determination of secondary ion beam
intensities and purities for use in the design of experiments. The code
has been designed to model any device of design similar to the A1200 by

" using approximate beam optics equations applied to an idealized initial

secondary beam from the production target. The description of the ini-
tial beam is based on the Uoldhaber model® with the production cross
section taken from the parameterization of Sirnmerer and Morrissey.?
A discussion of the basic equations used, mcluding all approximations,
as well as some comparative caleulations will oe given.

{Work supported by the NSF grant PHY89 13815.

1A. S. Goldheber, Phys. Lett. $3B, 306 (1974).
?K. Simmerer and D. J. Morrissey, Proceedings of the Workshop on
Radioactive Beams, Berkeley, Ca., October 1989 (In press).

15:06

CC9 Status of the NSCL-A1200 Beam Analysis
and Fragment Separator, D.J. MORRISSEY, ¥.
BENENSON, J.A. NOLEN, B.M. SHERRILL, and J.A.
HINGER, Michigan State U. -- The A1200 is being
constructed at the National Superconducting
Cyclotron Lab for routine cyclotron beam
analysis and separation of radioactive beams
produced by projectile fragmentation reactions
is reviewed. A unique feature of the A1200 is
its placement at the exit of the K1200
eyclotron allowing it to feed beams tec all ex-
perimental devices. The device is achromatic
with 2 irtermediate images and consists of all
superconducting magnets, 4 quadrupole doublets,
4 dipoles and 2 quadrupole triplets, except for
§ roomtemperature gextupoles. The device can
be run in different modes to analyze the
primary beam, separate secondary reaction
products and act as a dispersion matched
spectrometer. Results from the first operation
of the device will be presented.

* Supported by the NSF under grant PHY-89-13815

15:18

CC10 The Sim
v * G.J. Wozmak, N. Colonna, Y.

Blumenfeld, D. Delis, M. Justice, K. Hanold, M. A. McMahan, J. C.
Meng, L. G. Moretto, G. F. Peaslee, P. Roussel-Chomaz, and Q. C.
Sui, v ; -- To calibrate our expenmental
apparatus requires several different beam species which typically
requires retuning the accelerator. To improve the Bevalac's operational
cfficiency, we have developed a technique to accelerate multiple beams
with the same charge-to-mass ratio (Q/A). The tuneup time for a
"cocktail” of beam species with identical Q/A takes no more time thana
single beam tune During the last year the Bevalac has routinely
delivered doubler (20Ne/%0Ar, 2851/56F¢ & 86K1/129%e), triplet
(**N/283i/5%Fe) and quadruplet (*N/28S1/56F¢/39Kr beams. To be
accelerated in both the injector and the sychrotron, the QA ratio of the
different ion species must be matched at the 1on source and after the
stripper foil. The above quadruplet beam was produced i the 1on
source with a Q/A = 1/14 by using a tron electrode with a silicon insent
and a krypton/nitrogen support gay mixture. Duning the accelerauon
cycle, the ion species were stnpped to QA of 2/7. The possibility of
producing larger beam multipiets wall be discussed as well as possibie
govcl uscs of multiple beams.

This work was supported by the U. S. Department of Energy under
Contract DE-AC03-76SF00098.

Supplementary paper

cCit A 7T Solenoid Magnetic Lens System for

Radioactive Nuclear Beam Experiments.? F.D, BECCHETTI,
J BROWN, WZ. LIU® AND D. ROBERTS, Univ_ Michigan. - A 7T multi-
esil superconducting solenoid, 4G «m bore, 130 cm kg, has been desmgned and

consitucted fur use as a radwastive nuclear beam (RNB) lens at the Michi-
gan Staie University Nauwnal Supercunducting Cyclotron Laburatory (MSU-

NSCL) heavy-ion facility and elsewhere. This magnet s a scaled-up version of

a smaller device (20 cm bore, 3.5T) used successfully for RNB work at lower
energics (UM-UND). Provisions have been made for inclusion of radial electric-
field lenses, corrective solenoid lenses and mid-plane energy-loss absorbers to
provide improved optics and mass separation The good optical properties and
the large solid angle of a large-bore s ¢ magnet (50 - 200 resz) result in o sys-
tem well-suited for production of high-intensity (106 - loslsec), well-fo.used
RNBs with E/A up to 50 MeV/u. The short magnet fligth path s well suited
for very short-lived RNB such as isomeric nuclei. This system is also usable as
a large-sulid-angle reaction-product collector for secondary reactions. Results
of the initial tests of the magnet will be deseribed.

a) Work supported in part by DoE and the National Science Foundation.
b) Present address: Cyclotron Institute, Texas A&M University, College Sta-
tion, TX 77843
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Friday afternoon, 26 October 1990

Room 136, Loomis Laboratory at 13:30

C. Goodman, presiding

13:30

CD1 The (p.n) Measurements for Spectra Containing GT
Strength Known from 3 Decay*. Y. WANG, C.D. GOODMAN,
W. HUANG, G.C. KIANG, IUCF; R.C. BYRD, L.J. RYBAR-
CYK, T.N. TADDEUCCI, LANL; J. RAPAPORT, Ohio U; D.
MARCHLENSKI, E.R. SUGARBAKER, Ohio State U.; - We
have measured the (p,n) spectra at frq5 = 0°, 3°, 6° and E, =
120, 160 MeV for 51V, 87Rb, 133[n, 1185y, M1pr which contain
Gamow-Teller (GT) strength known from § decay in the medium
and heavy mass regions. The specific GT and Fermi (F) cross sec-
tions é¢r and &, égr = ocer/B(GT) and 6p = op/B(F), and
their ratio R? = 661/6F are deduced. The measured (p,n) spectra
calibrated against § decay can be used to measure GT transition
rates inaccessible to § decay including transitions needed to cal-
ibrate neutrino detectors. The measurements were made at the
IUCF Swinger Facility with an improved neutron detector array.

*Work supported by the National Science Foundation.

13:42
ch?2 Isobaric Analop State Transjitions in the {p.n)

Reaction at 135 MeV and Densfity-Dependent Impulse
Approximation Calculations B.D. ANDERSON, H.
MOSTAJABODDA'VATI. C. LEBO, R.J. McCARTHY, J.W. WATSON,

R MADEY. Kent State U - We compare density-dependent
distorted-wave fmpulse approximation {(DD-DWEA)
calculations with cxperimental {p.n) cross section
angular distributions at 135 MeV for 0* to 0%, fsobarlc
analog-state, transitions in ten nuclei from A=id to
208 The experimental measurcaents were performed with
the beam-gwinger neutron time-of-flight facllity at the
IUCF in several different experiments ovar the last
several years. The DD-DWIA calculations use a G-matrix
interaction! based on the Bonn one-boson-exchange
potent{al and expirical optical-model parameters. The
agreezent between the calculations and the experimental
results is excellent with normalization factors
required that are within 10x of unity; these factors
are within the experimental scale uncertainties.

* supported in part by the National Science Foundatfon.
I K. Nakayama and W.G. Love. Phys. Rev. €38, 51 (1988).
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13:54
CD3 Proton-Induced Reactions in 32Cr- C.E.
Laird, David Sousa, Gerald Caikin, Philip Esterle,
Tammy Hooper and Qiang Shen, Eastern
Kentucky University.--Measurements have
been made of the cross sections for radiative
capture, for elastic and inelastic scattering, and
for (p,n) reactions on 52Cr. These data have
been analyzed using Hauser-Feshbach optical
and Isospin-coupled channel models to obtain
appropriate model parameters. Comparisons
are made with the potentials determined by
Kailas et al.l at subCoulomb proton energies for
medium-mass nuciei. Kailas' study concluded
that there is an anomaly in the absorptive
potential in the mass 40-80 region. The
present analysis shows that the incfusion of
other channels aids the model analyses for this
target.

1S. Kailas, M.K. Mehta, S.X. Gupta, Y.P. Viyogi
and N.K. Ganguly, Phys. Rev. €20, 1272(1979).

14:06

CD 4 Spectral function for p-n pairs in *‘Li. R.E.
WARNER, Oberlin, E. CHEUNG, C.F. PERDRISAT, V. PUNJABI,

William and Mary, C.a. DAVIS, R. HELMER, TRIUME, A.
GALOMSKY, L. HEILBROMNN, D. KROFCHECK, MSU-NSCL, S.
DARDEN, J. KOLATA, Notre Dame, F. BECCHETTI, U. of
Michigan, and P. SCHWANDT, IUCF.--The spectral function
for p-n pairs in the *Li ground state (the distribution
in n-p relative momentum Kk for pairs whose e¢.m. is at
rest in the lagqratory) was measured for k ranging from
0.6 to 1.5 fm The *Li(p,pa)pn reaction was used, and
p-2 quasielastic scattering events at 56° in the p-a c.m.
system were selected. These data, combined with earlier
‘Li{ae,2q)pn mea_s‘urements, show that when k increases from
0.1 to 1.5 fm ', this function decreases by 4 orders of
magnitude and is pred.cted within a factor of 2 (without
renormalization) by the plane wave impulse approximation.
The asymmetry for the ‘Li(p,pe)pn reaction, induced with
polarized protcns, was measured at 56° c.m. and found to
have the same bombarding-energy dependence as that of p-a
elastic scattering. The ground-state d-a cluster
probability, determined by the ‘Li(p,pa)d reaction, was
consistent with that found in other intermediate energy
experiments.

14:18

CD5  Global Dirac Optical Potentials for Light Targets*
- S. Hams, E.D. Cooper, B.C. Clark, The Ohio State U.,
R.L. Mercer, IBM Watson Labs. - Global Dirac Optical Po-
tentials for p + ?C and %0 from 65 to 800 McV are obtained
using several assumptions regarding the energy (E) and
mass number (A) dependence of the optical potential pa-
rameters, The geometry parameters ace taken to be both
E and A dependent. The strength parameters are assumed
o depend only on E. Characteristic features of the global
potentials will be discussed.

* Woerk supported in part by the NSF grant No.
PHY8822550.

14:30

CDo  Coupled Channel Effects in High Energy Alpha
Particle Fragmentation on Nuclear Targets. F. A. Cudnotta,
L. W. Townsend, and J. W. Wilson, NASA Langley Research

Vol. 35, No. 8 (1990)

Friday Afternoon

Center, and J. W. Norbury#, Rider College. - Double
differential cross sections fer the t#o-body dissociation of
alpha particles are calculated in the high energy optical
model of nuclear multiple scattering. Momentum
distributions for-forward scattered fragments are often
evaluated using a participant-spectator model or the DWBA.
Using the high energy optical model, we estimate the
importance of coupled channel effects on predictions of
inclusive momentum distributions and their role in
determining the large momentum components of the two-
body overlap functions from small angle data. For elastic
fragmentation, interference effects between participant and
spectator interactions are shown to be non-negligible for
forward scattered fragments.

#Supported by NASA Grant NAG-1-1134.

14:42

CD7 ee A -partic cidence 8
Collective High Spin States in 12C." D.D. CAUSSYN, N.R.
FLETCHER, J.A. LIENDO, G.L. GENTRY, Floxida State U.,
and J.F. MATEJA, Argonne Natiopal Laboratory--A search
for theoretically predicted collective high spin states
in }2C is made by using position sensitive detectors to
make a kinematically complete measurement of the three
alpha-particles produced in the decay of excited 12C.
The excited !2C is produced in the system 12C + 12C,
with a lab energy of 90 MeV. Different decay processes
in this system are identified and separated as much as
kinematically allowed. Despite the low background and
relatively good energy resolution, no predicted, but as
yet unseen, states were uncovered in this work. However,
from the calculation of detection efficiency, the
branching fraction for the decay of 12C from the 4
state at 14.08 MeV excitation to the first excited sts »
of 2Be is determined to be 0.83 with an estimated
uncertainty of about 0.05. The results of a theoretical
calculation of this branching fraction currently being
done will be presented along with the experimental
spectra.

*This work was supported in part by the National Science
Foundation.

14:54
CD,% Elastic Scattering of 318 MevV ‘Li Yons from 'C
and”8i.¥ A. NADASEN, B, ASHE, J. BRUSOE, U. of

Michizan, Bearborn; P. SCHWANDT, IUCF; J. WINFIELD, G.
Y00, NSCL; F.D. BECCHETTI, J. BROWN, D. HMIZ, J.
JANECKE, D. ROBERTS; U of Michigan, Ann_Arbor; and R.E.
WARNER, Oberlin College: Differential cross sections
zmve been meas?red Eo§ the elasti? scattering of 318 MeV
Li ions from 'C and Si. The 3+ °Li beans were obtained
from the K500 cyclotron of NSCL and the scattered
particles were detected with a 8320 wmagnetic
spectroseter. The measurements covered seven orders sf
magnitude over angular Jfanges of 4.5° to 46.5° for ‘‘C
and 3.7° to 38.8° for ¥Si in the center-of-mass. The
angular distributions exhibit diffractive oscillations
forward of 15° followed by smooth exponential fall-off
characteristic of nuclear rainbow scattering. The
rainbow scattering regiogx is erucial for the
determination of wunique ‘Li-nuclens Optical Model
potentials at this energy. Results of the measurements
and preliminary Optical Hodel analysis will be
presented.

# Supported in part by the NSF.

15:06
CD9 Three a-particle Reactions in Special

Kinematical Conditions. M.BOGOVAC, D.MILJANIC,
D.RENDIC, M.ZADRO, Ruder BoBkovi¢ Institute and
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G.CALVI, M.LATTUADA, F.RIGGI, C.SPITALERI,
Universit3 di Catania and Laboratorio Nazionale
del Sud.--- The '°B(d,xx)'He and °Be(’He,ux)'He
studied in the

configuration (angles between «-particles are

reactions are "star"
120° in c.m. system). It is also required that
relative energies in each «-particle pair
. 8
correspond to the excitation energies of Be
states. The results of the experiments and

their possible descriptions will be presented.

15:18
CD 10 Searches for Small Violations of the

Pauli Exclusion Principle in Nuclear Reactions.

D.MILJANI¢ and A.LJUBICIC, Ruder BoXkovié
Institute.--- Recently there have been several
theoretical and experimental studies

considering the possibility of small violations
of the Pauli exclusion principle. 1In the
experiments the main emphasis has been on the
tests of the principle in atoms. However, we
propose several very sensitive tests in nuclear

reactions. Experimental results from the

searches will be presented.

15:30

CD 1l £2 3ange DW =1 ae 3 craria
T - v now : C.BLYTH. J.3.A.

ENGLAND, G.M.FIELD, O.KAREAN. C.N.PINDER, N.M.TLARKE. G.RAIL.
R.VLASTOU,L.ZYBERT and G.C.MORRISCH. Unjv L4/ h=1s
Bix=inghan 815 2T7. England.--- A reasonably accugate and
cozplete set of cross-sections and analysing power data for ‘He
* 3H elastic scattering and JHe + M4 -> H + IHe reactions

at Incident laberatory anergies of IS to 38 HeV:, has been
¢athersd and cozpared with the predictions of full,finite-
range, DWBA calculations®. The transfer fora-factors wsre the
rasult of calculations beginning with realistic nucleon-nucleon

interzcilons Including the tensor Interaction. The Incldent
and exit cheanel wavefunctions were deterained by an Optical
mcdel analysis of the elastic scattering data and three
possible sets of paraxeters wera deterzined. Only one of tha
sets howzaver, led to an acceptable description or atl che aata
when fncluded In the DWBA calculations. This set had a real
volume integral/nucleon of 1150 MeV f=3. The results will be
presented and tne acceptabjliity of the conclusions considered.

f J.B.A.England,et al. To ke subnitted to Nuclezr Physics A
o Progras FRESCO. I.J.Tho=pson Co=p Phys 2ep 7 (1988) 167

Supplementary paper

CL 12
Microscopie Optical Model Calculations for Nucleon-
Nucleus Scattering in Light Nuclef (6 s A £ 11).

L.F. Hansen, F.S Dietrich, Lawrence Livermore National
Laboratory*, R.L. Walter, Duke University and TUNL**,
Differential cross sections and analyzing powers for
seutrgss and ontOns elastically §cactered from 6Li,

Be B and **B in the energy range 8-17 MeV are
compared with two microscopic OM calculations using

the JIM (with M3Y spin-orbit interaction) and Yamaguchi
et al. potentials. Reasonable good fits are found for
all the data using only three parameters, Ay, Ay

and ASO' which are the nprnalizing constants to

the real and imaginary central potential and the real
spin orbit potential respectively. ALl three parameters
showed a smooth energy dependence, a. well as an A
dependence to be discussed. #*Work performed under the
auspices of the USDOE, Contract W-7405-ENG-48. #* Work
supported by USDOE, Contract No. DE-AC05-76ER0L067.

TOWN MEETING

Friday afternoon, 26 October 1990
Room 141, Loomis Laboratory at 16:00
J. Ball, presiding

BATES USERS' GROUP
Friday afternoon, 26 October 1990
Room 136, Loomis Laboratory at 17:00

MSUNSCL USERS' GROUP
Friday afternoon, 26 October 1990
Room 158, Loomis Laboratory at 17:00

HHRIF USERS' GROUP
Friday afternoon, 26 October 1990
Room 144, Loomis Laboratory at 17:00

CASH BAR
Friday evening, 26 October 1990
South Lounge, Hlini Union at 18:00

BANQUET
Friday evening, 26 October 1990
Rooms A, B, and C, Illini Union

INVITED SESSION DA: ELECTROMAGNETIC STRUCTURE OF BARYONS
Saturday morning, 27 October 1990; Room 141, Loomis Laboratory at 9:00; R. G. Arnold, presiding

Note Times: 5 Speakers—30 minutes each. .

9:00

DA 1 The Origins of Scaling in Inclusive Scattering from Nuclei. BRAD FILIPPONE, Caltech.

The data from high energy electron scattering from nuclei indicate several types of scaling. In the deep inelcstic
regime, scaling in the Bjorken z variable (z = Q%/2Mv ) is observed, indicating incoherent scattering from the
aucleon constituents, and providing .nformation on the quark momentum distribution in nuclei. In the quasiclastic
region, y scaling has been observed suggesting coherent scattering from the nucleons themselves, and possibly
shedding light oo the nucleon mu.araium distribution in nuclei. Recent theoretical work and new analyses of the
previous data are beginning to ,....idc important clues to the validity of the approximations that predict the scaling
behaviour and to possible refaticnships between the scaling phenomena.
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9:30
DA 2 New Measurements of the Nucleon Eleetric and Magnetic Form Factors at High Momentum Transfers.
PETER BOSTED.® American University.

Preliminary fesults fur new mecsurements of the proton and ncutron electric 2nd maguetic form factors will be
presented. The measurements were made using Liquid hydrugen and deuterium targets and performing Rosentluth
separations for electrons clastically or quasi elastically scattered into the 1.6 GeV and 8 GeV spectrometers in
End Station A at the Stanford Lincar Accelerator Center. The proton form factors were measured up to Q% = 7
(GeV/c)? with typical errors of 2% on Gy, and approximately 5% on Gg;. The neutron form factors wilt be
extracted frum the longitudinal and transverse quasi-elastic response functions, measured up to Q2 = 4 (GeV/c)%.
The errors are expected to be small enough to distinguish between models where G i, remains Jluse Lo zero and those
in which Gga{Q% = gFCM,,(Q?). Comparisons wili be made with commonly used form factor parametrizations
as well as with new calculations using QCD sum rules and light-front dynamics.

* Reporting un an experiment performed by the NE11 Collaboration {The American University, Lawrence Livermore
National Laboratory, University of Tel-Aviv, University of Maryland, NIST, Stanford Linear Accelerator Center,
CEBAF, University of Pennsylvannia, University of Massachusetts, University of Washington, Stanford University,
and University of Rochester.

10:00
DA 3 Perturbative QCD Predictions for Baryon Resonance Electroproduction at High Q2.
CARL CARLSON, College of Wiiliam and Mary.

Perturbative QCD gives the following results, valid at high @7, for the c!cftroproduction of resonances. The
duminant amplitude is the hadron helicity conserving amplitude often called A3, which falls ke 1,Q%. Amplitudes
C} and A? are smaller by 1/Q and 1/Q?, respectively. The ratio of resonance pezk to “background” is constant,
as is seen for the second resonance. The delta resonance may have 2 special cancellation. The QCD sum rele wave

functions for the nucleon and delta lead to 2n A} whose leading term is anomalously smail. If so, the delta peak
vs. “background” falls (as is seen) until asymptopia is reached 2t a higher O than for most resonances.

10:30
DA & Color Magnetism and Electroweak Excitation of Barvon Resonances.
NIMAI C. MUKHOPADHYAY, Rensselaer Polyiechnic Institute.

Color magnetism' in quantum chromodynamics(QCD) is the non Abelian analogue of ordinary magnetism in
quantum electrodynamics. It plays a vital role in influencing the quark wave functions for 2 numb=r of hadrons.?
I shall show the relevance of electroweak amplitudes for the N =+ N* transitions in testing this and other aspects
of the QCD inspired hadron modeis, using examples of P33(1232), S1i{1535), and F37(1950) resonance excitation.
Next I shall review the secent theoretical efforts® on the extraction of resonant iransition amplitudes from the
existing data. Finally, | shall discass experimental prospects for improving our knowledge of meson photo- and
clectroproduction, and Compton scattering in the emerging facilities.

! A. DeRujula, 11.Georgi 2nd S.L. Glashow, Phys. Rev. DI2,147(75).

% N. Isgur, G. Karl and R. Koniuk, Phys. Rev. D25,2394(52); M. Bourdeau and N. C. Mukhopadhyay, Phys. Rev.
Lett. 58,976(87) and 63,335(59); S. Capstick and G. Karl, Phys. Rev. D41,2767(90).

3 R. Davidson, N. C. Mukhopadhyay and R. Wittman, Phys. Rev. Lett. 56,504(56) and Phy. Re~. D. {in press);
M. Benmerrouche, L. Zhang and N. C. Mukhopadhyay, to be published.

11:00
DA 5 Compton Scattering and the Polarizabilitics of the Proton.* ALAN M, NATHAN, Uniucniz of linoun at Lrisna-Champeign.

A review is given of recent and pianned expeniments that measere the electric {a) and magretic {3} polanizabilities
of the proton. These quantitics aze fundamental structare constants that characterize the second-order response of
the proton to external static electric and magnetic ficlds. They are equal in importance to the mean-square charge
or magnetic radius. aithough known considerably less well. Low energy theorems relate the Compton scattening
cross section to @ and 3. For energies small compared to the pion mass, the elastic photon scattering cross section
deviates from that expected for a point structureless prolon. The deviation, which to lowest order is quadratic
in the photon cnergy, is directly proportional to the sum and difference of @ and 3 at forward and backward
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scattering angles, respectivaly. We describe in detail an experiment' in which the scattering cross section was
s~sasured bs.cween the encegies of 32 and 72 MeV and a$ laboratory scattering angles of 60° and 135° using the
pho .z legging techmque. The rcaults of that experiment will be presented. and an interpretation in terms of o

and f will be given.

*Supported by the National Science Foundation under grant PHY 86-10493.
1 . J. Federspiel, Ph. D. thesis, University of Illinois, 1990 (unpublished).

SESSION DB: HIGH-ENERGY HEAVY-ION
AND pp REACTIONS

Saturday morning, 27 October 1990

Room 151, Loomis Laboratory .* %:00

T, Ludlam, presiding

9.00

DB Fission Systematics from the Reactions Fe+Th, Au,
Ta and Nb+Au,at 50 to 100 MeV/A*. M. N. Namboodiri,
H. C. Britt, D. J. Fields, L. F. Hansen, R. G. Lanier, J. E.
Larkin, T. C. Sangster, G. L. Struble, Lawrence Livermore
National Layoratory, iM. Begemann-Blaich, T. slaich, M. M.
Fowler, J. B. Wilhelmy, Los Alamos National Laboratory, S.
B. Kaufman, F. Videbaek, Argonne National Laboratory, Y.
D. Chan, A. Dacal, A. Harmon, J. Pouliot, R. G. Stokstad,
Lawrence Berkeley Laboratory, Z. Fraenkel, Weizmann
Institute--We have performed a detailed analysis of the
fission systematics in the reactions Fe+Th, Au. Ta and
Nb+Au at 50 to 100 MeV/A. The data were ccLected using
the PAGODAL! detectrr array at the LBL Bevalac. For each
fragment we measure the charge, velocity and position
{8,4). Our results indicate that fission occurs predominantly
from peripheral collisions with parallel momentum
‘;ansfers 1p to a maximum of about 6 GeV/c and excitation
energies less than 1 GeV. The data are consistent with the
much lower energy Viola systematics for all systems.

*Work performed under the auspices of the US DoE, contract W-7405-
ENG48. IM. u. Fowler et al., NIM A281 (1989) 517-527.

9:12

DB2 Intermea.. ;Mass Fragment Production from Fe+Au
and Nb+Au Reactions at 50 to 100 MeV/A*. T. C. Sangster, .
H. C. Britt, D. J. Fields, L. F. Hansen, R. G. Lanier, ]. E Larkin,
M. N. Namboodiri, G. L. Struble, Lawrence Livennore
National Laboratory, M. Begemaun-Blaich, T. Blaich, M. M.
Fowler, J. B. Wilnelmy, Los Alamos National Laboratory, S.
B. Kaufman, F. Videbaek, Argonne National Laboratory, Y.
D. Ch~x,, A. Dacal, A. Harmon, J. Pouliot, R. G. Stokstad,
Lawrence Berkeley ) sboratory, Z. Fraenkel, Weizmann
Insutute--We rave nieasured intermediate mass fragment
(IMF) production from the reactions Fe+Au and Nb+Au at
50 to 100 MeV/A using the PAGC MAl detector array at the
LBL Bevalac. The iata consists of isotopically identified
fragments from protons thiough the fission mass region.
We presenc a broad o-erview of the IMF and light particle
inclusive systematics for both systems. This includes the
arigular and mass distributions, the multiplicity distribution
and the to.al product.or cross sections.

*Work performed under tae auspices of the Up DoE, contract W-7405-
EN‘-48.

IM. M. Fowler et al.,, NIM A281 (1939) 517-527

9:24
DR3 Compaiison of Micregconic Calewlstions of IMF
Enigsion with EX ¢ i +

Nb+Au at “)_to 100MeV/A. L.F.Hansen, H.C.Britt, M.N.
Nzmboodird, T.C.Sangster, Lawrence Liv.rmove National

qt. %% Caleula-

tions of the fragmentation products from the FetAu and
Nb+Au reactions 3t 50 and 100 MeV/A, have been done
using the Quantum Molecular Dynamic (QMD) model”.

The calculated mass distribution of the fragments for
1254560 values, their multiplicities and angular dis-
tributions are compared with measurements from the Pago-
da dstector array st the LBL Bevalac. The mass distri-
butions and multiplicities are reproduced reasonably
well by tne model, However, the calculated angular
distributions are more sharply forward peaked than the
experimental data. Details of the QD calculations will
be discussed. *Work performed under the auspices of the
USDOE, Contract W-7405-ENG-48. *. Supported by the German
Federal Minister for Research and Technology (BMFT),
gontract 06 OF 772 & the GSI.

J. Alchelin et gl., Phys. Rev. C 37, 2451, (1988).

Laboratoxy*: G.Peilert, H,Stocker, W.Greiner, Institut
fur Theoxetical Physik, JUG-Univergitat

9:36
DB 4 Electromagnetic Dissociation of 233U at Intermediate
Energies. * M. JUSTICE, Y. BLUMENFELD, N. COLONNA,

D.N. DELIS, K. HANOLD, J. MENG, L.G. MORETTO, G.F.
PEASLEE, G.J WOZNIAK, Lawrence Berkeley Laboratory, G.
GUARINO, JEN-bari - Electromagnet®- dissociation cross sec-
tions of 233U 4 238U at §0 and 120 A-MeV have been measured
at the Berkeley BEVALAC. Due to the very low barrier, uranium
decays with high probability into two fission fragments after elec-
iromagnetic excitation. Two arrays of position sensitive silicon
AE = E telescopes placed concentrically around the ¢ .m axis
were used to identify the projectile fission fragments. The ex-
pected contribution from peripheral nuclear rea.tions is extrap-
olated from measurements on a series of light targets. A com-
parison with models based on the Weizsacker-Williams method
of virtual quanta will be made.

*This work was supported by the Director, Office of Energy Re-
search, Division of Nuclear Physics of the Office of High Energy
and Nuclear Physics of the U.S. Department of Energy under
Contract DE-Ac03-76SF00098.

9:48

DB5 Bevalac Experiment E848H : Neutron Triple —~ Differential
Cross Sections from Nb 4 Nb Collisions. M. ELAASAR, R. MADEY, W.
ZhANG, J. SCHAMBACH, D. KEANE, B. D. ANDERSON, A. R. BALD-
WIN, 5. W. WATSON, Kent Statc Y.'; G. WESTFALL, Michigan State
U.; G. KREBS, H. WIEMAN LBL; C. GALE, McGill U, - - We mea-
sured neutron triple-differential cross sections d®s/dcos6dgdY from. high-
mulliplicity Nb4Nb collisions at 400 AMeV. The reaction plane for each
event was determined with a method proposed by Gyulassy.! Neutrons were
detected in 18 detectors disposed at polor angles from 3° to §0°, The triple-
differenual cross sections are peaked at an azimuthal angle of 0° relative
to the reaction plane for neuirons with positive cm rapidities and at ::180°
for neutrons with negative em rapidities. Comparison of these measuze-
ments with BUU calculations? consttains the incompressibility modulus in
the equation-of-state.

* Supported in part by the National Science Foundation.

! G. Fai, W Zheng, and M. Gyulassy, Phys. Rev. C38, 6907 (1987).

? G, M. Welke et ok, Phys. Rev. £38, 2107 (1988),
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10.00

DB 6

Light Fragment Cross Sections from 800-A MeV OAr +
KCt and *°Ar + Au. M.D. Partlan, J.L. Romero, F.P. Brady,
W.B. Christie, G.P. Grim, C E. Tull, UC Davis.* G. D. Westfall,
D.E. Cebra, C. Djalali, A. Vande~ Molen, K Wilson, Michigap State
U., HWieman, W. F. J. Miiller, D.L. Olson, T.J.M. Symons, LBL.
Light fragment cross sections (p, d, t, *He, *He), covering from =
5° to0 35° lab, were measured at the Heavy fon Spectrometer System
at the LBL Bevalac using an 800 A MeV “OAr beam on targets of Au
and KCl. Fragments were identified and all three components of the
momentum “vere measured The measured cross sections as well as
the results of two particle correlations will be presented with the aim
of extracting the entropy and temperature of the system,

# Associated Western University Graduate Fellow.
* Supported by NSF Grant 84-19380.

10:12
DB7 Dynamical Effects on Pions in Enetgetic Nuclear Collisions.*

A. F. BARGHOUTY, Roanoke College; G. FAI and D. KEANE, Kent
State University—The continuing cxperimental interest in the properties
of pic s produced in high-erergy nuclear collisions’

motivated us to re-
visit medel prediglions (ot son spectra, total yields and pion-charged par-
ticle multiplicity correlations. A statistical background calculation car-
ried out with the FREESCO event gc:ncm.f.or2 indicates that it is nec-
ess~ry to take account of dynamical effects if the experimental data are
to be reproduced. The presence of nuclear matter flow is well-known
from the analysis of nucleons and heavier fragments s Incorporating the
A(1231 McV) resonance gives teasonable agreement with the experimeptal
pron yields as a function of the beam energy for different symmetzic sys-
tems. We discuss the necessity of further dynamical effects in the model
calculation to obtain an approximate reproduction of the pion spectra.

*Suppotted by US DOE Grants DE-FG02-86ER40251 and DE-FGO2-
89ER40531 and by NSF Grant INT-8813351

1S, I. Chase et al., Proc. Workshop on Nuclear Dynamics VI, Feb, 1980,
Jackson Hole, Wyoming, ¢d. J. Rendrup, LBL-287¢¢, 67 (1690).

3G. Fai and 1. Randrup, Comp. Phys. Comm. 42, 385 (1986).

3H. A. Gustafsson ef al., Phys. Rev. Lett. 52, 1690 (1984).

10:24

DB 8 Proton Distributions in 14.6 GeV per Nuclecon Si-
Nucleus Collisions. J.T. MITCHELL for the E814 Collaboration:
BNL*, LANL*, McGill University, U. of New Maexico*, U.
of Pittsburgh*, SUNY-Stony Brook**, Tel Aviv, Texas
A&M#*, Yale University*--We have measured the rapidity,
transverse momentum, and multiplicity distributions of protons enmtted
in interactions between S1 projectiles and targets of Al, Cu, and Pb.
The measurements were made as functions of event centrality. The
degree of centrality was characterized by measurement of transverse
energy in the pseudorapidity interval -0.5 < 1} < 0.8 using a Nal
calorimeter, and charged par icle multiplicity in the interval 1.3 <1 <4
using a Si pad array. The protons werc detected in a magnetic
spectrometer + hich consists of tracking chambers, scintillators, and
calorimeters, aad ..easured the momentum, total energy, charge and
time of flight of particles that passed through a 0.8 degree cone mn the
forward directton. We will present the proton distnbutions and explore
their dependances on event centrality.

*Supported in part by the U.S. Department of Energy.
**Supported in part oy the National Science Foundation.
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10:36
1036 Correlation Studi T
Nuclear Collisions. ~ DSEIBERT,  Unjversity of

Minnesota,--- Correlation studies are one of the
most useful tools for studying the process of hadron
production in ultra-relativistic nuclear collisions.
Current studie: show that correlations in nuclear
collisions are unexpectedly strong, indicating that
we may be observing the decay of bulk hadionic
matter, and possibly even quark-gluon plasma. I
discuss current methodology for correlation studies,
and introduce a new technique for extracting
two-body, three-body, and higher effects from sets
of moments, This new technique is most effective
for high multiplicity col¥*sions, and thus should be
very useful for studies of ultra-relativistic nuclear
collisions.

10:48

DB 10 Threshold Measurement of the Reaction pp—yAX+c.c,
R.L. TAYLOE? U, of Illinois for the PS185 Collaboration*-The
reaction Pp—AZ together with its charge conjugate channel (c.c.)
has been measured at LEAR. A multi-element, Pb/SCIFI
calorimeter was used to detect the prompt ¥ from the decay Z—YA.
This feature has permitted distinction of the channel pp~AZ from
pp—AA; the latter has been reported in our earlier work.1*4 The
incident p momenta were chosen to facilitate a comparison between
the two sets of data from their respective reaction thresholds to
excess energies of 40 MeV above these thresholds. The status of
the near-threshold data evaluation, final results for an excess energy
of 14.8 MeV above threshold, and theoretical models which
compare the reactions pp—AZL and pp—AA will be discussed.

*Camegie-Mcllon, Erlangen-Niimberg, Freiburg, Ulinois, KFA
Jiilich, Rice, Uppsala, Vienna.

Research supported in part by the National Science Foundation.
1p.D. Bamnes et al., Phys Rev. B 189, (1987) 249,
2p.D. Bames et al., Phys Rev. B 199, (1987) 147,
3P.D. Barnes et al,, Phys Rev, B 229, (1989) 432, and
4p.D. Bames ct al., CERN-EP/90-40, Phys Rev. B, in press.

SESSION DC: WEAK INTERACTIONS, FUNDAMENTAL
SYMMETRIES, AND NOVEL NUCLEAR PHENOMENA
Saturday morning, 27 October 1990

Room 144, Loomis Laboratory at 9:00

D. Beck, presiding
9:00
DC1 Angular correlacion Test of CP-Invariance Using

Polarized Positronium.* M. Skalsey ané J. Van House, U.
of Mich.-- We have recently completed a preliminary
sgarch fox the new CP-violating angular correlation
(S-Ql)(S-klxkz) in the three photon decay of triplet
positronium (o-Ps+3Y), whg;e'g_gs spin of o-Ps and k;j
are the v-momenza, with [k [>]k3]|>|k3]. spin-aligned o
Ps 1s obtained by magnetic quenching of the m=0 triplet
state, y-momenta are determined with Nal detgutors.
?sygpet:ies of the number of events with kjXky up and
<)Xk, down are measured to the level of 1073, The amp-
litude of thas correlation is determined from the meas-
ured asymmetry and has been found to bc zero at about
the 1% level of uncertainty, consistent with CP-invar-
iance.

* Hork supported by NSF under Grant No. PHY-88037:8.

1 B. K. Arbic, et al., Phys. Rev. A37, 3189(1988).
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9:12

DC2 A Contributions to the Parity-Violating Nuclear In-
teraction G. B. Feldman, G. A. CRAWFORD, J. DUBACH, and
B. R. ifolstein, University of Massachusetts.” -~ Most theo-
retical descriptions of parity violation in low- and intermediate-
energy nuclear physics have been based on effective one-meson-
exchange weak interactions between nucleons. In that case,
one nucleon-nucleon-meson vertex is a parity-conserving strong
vertex and the other is a parity-violating weak vertex. Re-
cent studies of parity-violaling proton-prolon scattering at in-
termediate energies suggest that virtual A’s may have a sig-
nificant effect, especially since the parity-violating s-wave pion
exchange between protons is forbidden by Barton’s theorem.
We therefore calculate an effective Hamiltonian for weak s-
wave coupling of nucleons and/or aA's with =, p, and « mesons.
There calculations are based on a simple quark description
and an effective Weinberg-Salam model of the weak interac-
tion which take into account gluon-exchange renormalizations.
‘Supported in part Ly DOE Contract DE-FG02-88ER40415.

9:24
DC3 f i mm3a Rays D
Nuclear Recoil Following Beta Decay. ¥ M B. SCHNEIDER, A. B.
CRAFT, N. K. GREGORY, K. A. NASSIFF, and J. A. PATMON
--- The beta decay of light radioisotopes causes a
recoil of the daughter nucleus with a kinetic energy of typically
several hundred electron volts. If this recoiling nucleus gamma
decays in flight, the subsequent gamma ray is Doppler shifted by
typically several hundred electron volts. Large shifts of this type have
been used before for measuring the beta neutrino angular correlation.!
This energy shift can be measured through comncident beta-gamma
detection using conventional high punty germanium detectors and
associated electronics. We have developed methods to measure the
energy shift to an accuracy of one electron volt or better. We
consider the application of these techniques to the study of angular
corre lations in nuclear beta decay; application to the beta ncutrino
angular correlation is discussed in detail.

*Supported in part by the National Science Foundation through Grant
PélYé89407645 and by the Iowa Science Foundation through Grant
ISF-88-47

1 Wasburton, E. K., D. E. Alburger, and D. H. Wilkinson, Phys. Rev.
C26,1186 (1982).

9:36

DC4  Nuclear Structure Effects in Atomic Parity Non-
conservation. E. N. FORTSON, Y. PANG and L. WILETS,
University of Washington, Seattle, WA 98195 — We systemati-
cally study various effects of nuclear structure on atomic parity
nonconservation (PNC), Experiments that measure atomic PNC
on strings of isotopes of the same element and then take ratios
of observables can cancel complicated dependence on electronic
structure., We find that nuclear structure effects play a signif-
icant role in interpreting these experiments and in extracting
weak interaction parameters from them. The uncertainties in
the nuclear structure, especially the uncertainties in the neutron
distribution, severely limut the precision of measuring the weak
interaction parameters. ‘On the «*her hand, the sensitivity to the
neutron distribution could provide a unique method of making
accurate determinations of RMS radii of neutron distributions.

9:48
DCs ugutr a kyrm d
Nucleon” G. J. Mathews, and N. J. Snyderman, LINL--

We compute the neutron half life in the context of the
Skyrme model. This model is an approximation to the

Vol. 35, No. 8 (1990)

laxge-N, expansion of QCD in which baryons emerge as
solitons in an effective field theory of mesons. We
introduce local weak-interaction gauge symmetry to the
Skyrme Lagrangian and compute the neutron half life as
a test of the applicability of this model to describe
nucleon structure,

*Work performed under the auspicies of the U.S.
Department of Energy at Lawrence Livermoxe National
Laboratory under contract number W-7405-ENG-48.

10:00

DC6 A Search for Fusjon Neutron Emission from a
Thermally Cycled, Deuterated Titanium Source. ¢

M J DUEWEKE, D A ROBERTS, K ASIKTORAB, F.D. BECCHETTI an
R GUSTAFSON, Univ_Michigan - Titanium sponge loaded with deuteriur
gas under high pressure at liquid nitrogen temperature was examned for ev,
dence of fusion neutron emission using a special deuterated scintillator (NE230
neutron spectrometer. An upper limit of 0.0361 n/s per gram titanium was ot
tained, corresponding to 2.87 X 10~ fusions/s per d-d pair.

a) Work supported in part by the National Science Foundation.

10:12
DbC7 The Effect of Llectron Screening and Velocity Distribution
on Hydrogen Fuston 1n Physical Processes. ROBERT A. RICE, YEONG
E KIM, AND GARY S CHULICK, Purdue U —The electron screen-
ing effect, in conjunction with a particle velocity distribution, greatly
enhances the cross sections and reaction rates (often by fifty orders of
magnitude or more) for the fusion of hydrogen isotopic pairs for kinetic
energies £ < 20 eV in the center of mass (CM) frame. This helps to
explain the observed fusion reaction rates from recent electrolysis and
cluster fusion experiments, and indicates that these fusion reactions
may play an important role in various’ geophysical and astrophysical
processes (e g , p-') fusion as a source of internal energy for planetary
bodies) It is demonstrated that the electron screening effect (which has
been observed in low energy p and D projectile fusion reactions with He
and Li targets!?) may already be observable in the lowest energy (2keV
< E(CM) < 4 keV)® measured D-D fusion cross sections, and it is em-
phasized that there is a need for new, precise, accurate measurements at
even lower energies of hydrogen isotope fusion cross sections to further
investigate this effect.

1S. Engstler, et al., Phys. Lett. B202, 179 (1988).

2U Schroder, et al Nucl. Inst. Meth. B40/41, 466 (1989).

3A von Engel andCC Goodyear, Proc. Roy. Soc. A264, 445 (1961);
A Krauss, et al., Nucl Phys. A485, 150 (1987).

10:24

DC38 Natural Low-Energy Proton-Deuteron Fusion Processes
GARY S. CHULICK, YEONG E. KIM, and ROBERT A. RICE,
Purdue .—The recent observation of high deuteron-deuteron fusion
reaction rates from low-energy electrolysis and cluster fusion experi-
ments leads to the intriguing supposition that proton-deuteron (p-D)
reaction rates are simiarly enhanced. Therefore, p-D fusion may then
be expected to play an important role in various geophysical and as-
trophysical processes such as the production of abnormalous 3He/*He
ratios from volcanic emissions and as an energy balznce to the excess
heat radiation from the outer planets. We present here a p-D fusion
calculation that includes the effect of electron screening and particle ve-
locity distribution for an energy balance to the excess heat generstion
of the planets.

1036
DC9 The Physics of Cluster Impact Fusion and Low-Energy
Deuteron-Deuteron Fusion . YEONG E. KIM, GARY S. CHULICK,
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and ROBERT A. RICE, Purdue U, and M. RABINOWITZ, EPRI-
The results of recent experniments® 1nvolving the scattering of clusters of
D20 molecules on deuterated targets indicate an extra-ordinarily high
deuteron-deuteron (D-D) fusion rate. These results are examined in
terms of the electron screening effect and particle velocity distributions
as well as uther effects such as high eneigy D* contamination, surface
layer penetration and reaction region compression.

'R.J. Beuhler, et al., Phys. Rev. Lett. 63, 1282 (1989), R J. Beuhler,
et al., submitted to J. Phys. Chem.

10:48
DC 10 High- i ___an
Detectors.* J. BART CZIRR and GARY L. JENSEN. --

series of efficient, low-background neutron detector
has been designed and built at Brigham Youn
University. These detectors are based upon
coincidence~calorimeter principle and are suitable fo
measurements of weak sources of MeV neutrons in whic
the neutrons are emitted singly or in bursts. A low
efficiency spectrometer of this type was utilized fo
the initial cold fusion experiments at BYU.[1] Mor
recent detectors have greatly improved efficiency an
also permit measurements of bursts of neutrons.

The burst-mode detector has an efficiency of approx
20% for 2.5 MeV neutrons, with a background level o
20 neutrons per hour. The high efficiency is achieve
mainly by providing a 1 1/2 inch diameter cavity in th
detector ‘body. Another detector in the series is
combination spactrometer/burst mode detector wit
efficiency of 10-20%, depending upon the type o
organic scintillator employed. The spectrometer mod
is useful for detecting single neutrons in the 1-10 Me
range. The burst mode feature, which may be use
concurrently with the spectrometer function, is usefu
in detecting bursts of two or more neutrons and has lo
background rates.

1. J.B. Cczirr and G.L. Jensen, Nuclear Instruments an
Methods in Physics Research, v.A284, p.365 (1989).
*Subritted by S.E. Jones.

11:00
DC11
.*S.,E

Recent Results in Cold Fusion Experiments
JONES, D.B. BUEHLER, J.B. CZIRR, G.L. JENSEN, E.P
PALMER, J.M. THORNE, §.F. TAYLOR, J.C. WANG, Brighai
Young University; H.O. MENLOVE, Los Alamos Nationa:
Laboratory: and A.N. ANDERSON, Boise Research.--We hawv:
observed anomalous neutron emission from metal:
contzining deuterium, suggesting the occurrence oi
nuciear fusion at low rates under unusual conditions
Neutron bursts of up to 450 neutrons within a 128
gate have been registered in two independent rings o:
‘He gas tubes in CH, moderator. The detector i
segmented, high-efficiency (44% for *Cf neutrons)
noise resistant and has very low background in th
inner ring (97 singles counts/h, 0.7 coincidencs
counts/h). Low-multiplicity neutron burst enission:
(2-10n) are freguently seen above the low background:
in metal + aeuterium systems.[l] Another detecto:
involves a plastic scintillator surrounding the sampl.
for prompt neutron information, while mnoderate:
neutrons are captured in ‘Li-doped glass. Pulses ar:
digitized yielding data on pulse heights (energies)
shapes and times between detected neutrons.
*#Supported by advanced Energy Projects Division, U:
DOE, and Elec*ric Power Research Inst., Palo Alto, CA
1. H.O0. Menlove and M.C. Miller, "Neutron Burs
Detectors for Cold Fusion Experiments,” Seventh Synp
on Radiation Measurements and Applications, Ann Arbor
Michigan, 21-24 Kay 1990, LA-UR 90-1722.

Supplementary paper

DC 12

Cluster Impact Fusion by the Formation of Compact Electron-
Reuteron Resonances CJ Benesh, J.R. Speace and J.P. Vary, Physics
Department”, Jowa State University, -- We speculate that the
anomalously large cluster fuslon ylelds measured at Brookhaven!

Vol. 35, No. 8 (1990)

Saturday Morning

may be explained in terms of the formation of compact electron
deuteron resonance states with energles of the order of electron volts
above threshhold. Similar states have been predicted to exist in the
electron-proton system2, and thelr geometrical sizes have been
estimated to be of order fermis, We argue that these states, once
formed, will screen the Coulomb repulsion between deuterons tn a
manner analogous to muon catalysed fusion, allowing fuston rates
much higher than what one-would ordinarily expect. Using a
thermodynamic model for the cluster impact, we calculate the yield
of resonance. ,.roduced per cluster incident on the target. If-we
assume that each resonance formed produces one fusion event, we
obtain a reasonable quantitative description of both the cluster size
and energy dependence of the observed fusion yields.

*Supported by the USDOE under Grant No, DE-FG02-87ER40371 and
Contract No, W-7405-ENG-82.

IR G. Beuhler, G. Friedlander, and L. Friedman, Phys. Rev. Lett. 63,
1292(1989).
2J.R. Spence and J.P, Vary, to be published

SESSION DD: NUCLEAR ASTROPHYSICS
AND RADIOACTIVE BEAMS

Saturday morning, 27 October 1990

Room 136, Loomis Laboratory at 9:00

J. W, Truran, presiding

9:00

DD1 Iph r 14 Non ig Ban

Nugcleosynihesis® M. WIESCHER, J. GORRES, S. GRAFF,

Univ, of Notre Dame, R.E. AZUMA, University of Toronto, C.A.

BARNES, T.R. WANG, CalTech,.-- Reaction netwosk calculation

for a nonstandard Big Bang nucleosynthesis scenario! indicated a
. sufficient reaction flow from r.ass A = 12 towards heavier masses

A 220 via the 14C(n,y)180 reaction link. The rate of this reaction is

partly based on theoretical alpha cluster model studies of the 180

nucleus?. We measured the reaction the the range between ! MeV

and 2 MeV alpha energy, The resonance strengths of the two

observed resonances were determined and agreed with the results of

previous work3, Indications of a nonresonant reaction component

were found and will ke discussed. The implications of the results

on the reaction rate and the reaction flow at big bang conditions will

be shown.

* supported by the National Science Foundation.

! LH. Applegate et al,, Ap.J. 329, 572 (1988).

2 C. Funck, L. Langanke, Ap.J. 344, 46 (1989).

3 M. Gai et al., Phys. Rev. C36, 1256 (1987).

9:12

DD2  (bservation of Beryllium 7 in LEQ A here.
S.E.KING, G.W.PHILLIFS, Rk AUGUST & J.C I R, NiL,
J.H.CUICHIN, S-chs/Freeman, P.S.HASKINS, U. Fla.,
J.B.MXISSON, J W.ELY & A.G. WEISENBERGER, Inst. for
Space Sci. and Tech., R.B. PIERCEY & T. , Miss.
State U.— VWe report the discovery of this accretion
of 7Be onto the Long Duration Bxposure Facility
(LDEF). This is the first kncwn evidence for
deposition of a cosmogenic isotope onto.a spacecraft.
The 7Be was cbserved during the first J-ray survey a
large spacecraft using an array of germ.nium detectors
frem NRL and detectors from ISST. Selected individua
experimental trays were also measvred as they were
rewoved. The must striking feawure of the q-ray data
was the unexpected spatial distribution of 7Be which
was predcminately observed on the leading edges of the
spacecraft with a maximm surface density »f 130,000
atcms/cm?, The 7Be deposited onto the surface of LDEF
vhile in low earth orbit (LEO) is apparently produced
via spallation by cosmic rays of nitrogen and cxygen
in the mesospnere and/or stratosphere.

9:24

DD 3 The Influence of Low Energy Resonances 1n_31P(py1325°
C. ILIADIS, U. GIESEN, J. GORRES, L. VAN WORMER, M.
WIESCHER, Univ, of Notre Dame, R.E. AZUMA, J. KING, M.
BUCKBY, University of Toronto, C.A. BARNES, TR WANG.
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Saturdoy Norning

wartegn,--"he u; :c‘c:;i;mding of the rp-process nucleosynthesis in the
S+-F-S nogitn i of pesticular interest for the interpretation of the recently
ehrervel high Si ird S cbundances in nova cjectal. The reaction branch

. between 31P(p, 10 and VP(p,a) determines whether the material is

processad further towards the Fe-Ni region, or whether it is stored in a
S:PS-cycle® wir ch would lead to an enrichment in the abundances of these
isotores. We ticiefore measured the 31P(p,y)32S and the 31P(p,a)28Si

reactiors in the proten energy range of 280 < E S 830 keV in search for
resoranzes in the two reaction channels. The experiments were performed
at the IM Van e Greaff at the University of Toronto and at the 3MV

© Pellstror at CalTech. Six resonances were observed in the (p,y)-channel.
Resonanze strengths were obtained for all observed levels. The influence

of these resonances on the 31P(p,y) and 3!P(p,x) reaction rates as well as
the possibility of a $iPS-cycle at nova conditions will be discussed.
* supported by the National Science Foundation,
1 M. Wiescher ot al., Astron, Astrophys. 160, 56 (1986).
2 M. Wiescher, J. Cdrres, Radioactive Nuclear Beams, eds.
W.D. Myers, J.M. Nitschke, E:B. Norman, World Scientific,
Singapoere, p.223. (1990).

936

DD 4 Jhe Icfluence of Low Energy Resonances in
Z2Ne(qum25M"-- U. GIESEN, S.M. GRAFF, J. GORRES, M.
WIESCHER, lniv, of Notre Dame, R.E. AZUMA, J. KING,
University_of Toroate, V. HARMS, K.-L. KRATZ, Lniversitit
Mainz,-- The 22Nc(a,n) reaction is considered as an imported
reutron source for the s-process in stellar He-buming. However, a
recent investigation of 2Ne(a,y), (6,n) at bombarding energies of
0.8 - 2.2 MceV! indicates that the ratio of the reaction rates for (a,n)

end () is significandy smaller than the previously adopted values,
maizly cue to a sirong resonance at 0.83 MeV, which was only

observed in the {a,y) reaction. We investigated the 2Ne(a,n)
reaction in the cncrgy range of 0.6 - 0.9 McV at the JN Van de
Graaff at the University of Toronto and measured the neutron yield
of the 0.83 MeV resonance. The results will be presented and the
impact on the stellar reaction rates discussed.

* suppcried by the Natonal Science Foundation.

1 K. Wolke, V. Harms, H.W. Becker, J.W. Hammer, K.-L. Kratz,
C. Relfs, U. Schroeder, H.P. Trautvetter, M. Wiescher, and A.
Wihr, Z. Phys. A334 (1989).

S48

DD3  Study of %i(a,n)lls. T. Kulo, N. Inabe, T.
Nakagasa, T. Suzuki, I. Tanihata, RIKEN, Wako, Saitama,
Japan; X.X. Bal, Inst. At. Energy, Beijing: R.N. Bowd,
Depts. Phys. Astron., Ohio State Whiv.’ XK. Kimura,
Dept. Phys., Kyushm Univ.; S. Kbono, Inst.
Science, Univ. ; and H.S. Xu, Modern Phys.,
Lanzhou--801(a,n) 118, which makes 1IB ard heavier muc-
lei in the Iinhamogeneous primordial mclecsynthesis
model, has been studied with 8.1 besms produced by
fragmentation reactions on 14% besms from the RIKEM
ring cyclotran. The RIken Projectile fragmsnt Separator
(RIPS) produced 103 s~1 BL1 jans at from 6 to 15 MeV.
Each ion passed through a time-of-flight systss which
determined its energy, then into the MJltiSsspling Ion-
ization Chamber (MUSIC), which mapped out its trajec-
tory @nd energy losses. The 4He in MUSIC served as
both target’ and detector gas. The incident S8Li energy
spread together with the energy loss of the iocns in
traversing MIJSIC determined the excitation function of
interest in a single beam energy setting. Reaction
events were.identified by their change in dE/dx.

*Work supported in part by NSF grant PHY89-20606.

10:00

DD 6 Elastic Scattering of $He, 7Bc and 2Lj Radioactive Nuclem
Beams. ® R. J. SMITH, J. J. KOLATA, K. LAMKIN, A.
MORSADD, Univ. Notre Dame, K. ASHKTORAB, F. D.

BECCHETTI, J. BROWN, J. W. JANECKE, W. Z LIU¢ and D.
A. ROBERTS, Uniy, Michigan, - The first systematic study of the
clastic scattering of the short-lived radioactive beams of 6He, 7Be
and 8Li has been performed at bombarding cnergies of 8-22 MeV
from a number of targets. The results have been analyzed via optical
model calculations and compared with the parameters derived from
elastic scattering of stable nuclei. The scatiering of these unstable
nuclleci cxhlibit some anomolous features when compared to adjacent
stable nuclei. '

a) Work supported in part by the National Science Foundation.

b) Present address: Centre Nationale de Recherches Scientifique,
Groupe PNIN, 23 Rue du Loess, 67037 Strasbourg, FRANCE. |

c) Present address: Cyclotron Institute, Texas A&M University,
College Station, TX 77843. ’

10:12

DD7 Inelastic Scattering of Short-lived Radioactive
Beams: °Li, * 1. BROWN, F.D. BECCEETTI, W.2. LIU J.W. JX-
NECKE AND D.A. ROBERTS, Univ. Michigan, 1.J. KOLATA, RJ. SMITH,
K. LAMKIN AND A. MORSAD,® Univ. Notre Dame, R.E. WARNER,
Oberlin College. - Elastic and inelastic scattering of ®Li ions have been ob-
served ou seversl targets at E == 14 MoV wsing the University of Michigan -
University of Notre Dame radioactive nuclesr beam facility. The elastic acat-
leﬁumushthﬂhmmpodl'ﬂbhnp&cbdthnm'ﬁmd
TLi. Analysis of the inelastic data using s deformed SLi optical-model po-
tential has been used to deduce BE2T for SLiJ gq. The relevance of the 3Li
projectile-excitation spectrum to predicted low-lying (soft) components of E1
giant-dipole rescnances in exotic nuclei is discussed and limits on BE1T to such
levels in 3Li at By < 2 Mev are deduced. :

a) Woek supported in part by the National Science Poundation.

b) Present address: Cyclotroa Institute, Texas AkM University, College Sta-
tion, TX 77843

¢) Present addrems: Centre Nationale de Recherches, Scientifique, Groupe
PNIN, 23 rue du Looss, 67000 Strasbourg FRANCE :

10:24
DD8 Production of an Isomeric, Excited Radioactive

Nuclear Beam. ® F.D. BECCHETTI, K. ASHKTORAB, J. BROWN,
J.W. JANECKE, D.A. ROBERTS, J. VAN KLINKEN® AND W.Z. LIUS
Univ. Michigan, JJ. KOLATA, K. LAMKIN AND R.J. SMITH, Unix,

Notre Dame, R.E. WARNER, Oberlin College. - A momentum-analysed, iso-
meric, radioactive 18F™ beam (E; = 1.1 MV, Tjs3 = 163 ns) has been
produced with the reaction 13C(170, 3¥r™)11B ot E(170) = 70 MeV, The
18pm ioas were focussed onto a secondary target using a corhpact supercon-

ducting solencid lens and .uuain;of”l""' from Au and carbon targets was

observed. A conversion efficiency of ca. xo’“r"'/- per 100 particle nanoampe
of 170 was obtained using & 11 m‘/cm2 natural carbon production target.

a) Work supported in part by the Naticnal Science Foundation.

b) Permanent address: KVI, U. Groningen, The Netherlands

c) Present address: Cyclotron Institute, Texas ALM University, College Sta-
tion, TX 77843 :

10:36 S

DD9 .

A Progress Report, JOHN M. D'AURIA,. .

SR, Burnaby. Cspada. — The thick target -on-line
isotope separator (TISOL) located at the 500 NEV proton
facilicy, TRIUMF, in Vancouver, Canada is in'the process
of converting from a test facility dedicated .to the
developaent of systems for an accelerated radiocactive
beams facility to a production facility at which studies:
of the properties of nuclides far from stability can be
pursued. The only electron cyclotron resonance (ECR)
fon source at such a facility in the world -is: usbd
routinely for the efffcient production of radiocactive
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fon beams o~ gaseous specles and several experiments are
in progress based upon Its performance. A description
of the separator will be presented along with a progress
report on the expansion of the experimental area.
Production yields for over 100 isotopes using both the
ECR and heated surface lon source have been measured
using TISOL, these will also be discugsed. A review of
the experiments approved to receive beam will be given
along with initial results. A status of the proposed
ISAC (Accelerated Radioactive Beams) facility will also
be given.

10:48

DD 10 i

Direct Mass Determinations of Neutron-Deficient
Nuclei Close to 199Sn. G.R. DYCK, E. HAGBERG,
V.T. KOSLOWSKY, J.C. BARDY, H. SCHMRING, Atomic Energy of
Canada Limited. K.S. SHARMA and R.C. BARBER, University
of Hanitoba. --- Atomic-mass ratios of radioactive
isotopes have beocn measured directly with the Chalk River
on-line isotope separator. Several improvements have
recently been made to the mass-measurement procedure
resulting in a reduction of our systematic errors. A
precision of 1 ppm in the determination of unknown masses
is now routinely achieved.

Our technique does not rely on the direct counting
of the ions vhose masses are to be compared, but on the
observation of the specific radioactive-decay signature
of those ions. Consequently, naturally occurring stable
beams will not disturb or bias our results.
Contaninations from unwanted isobars or even isomers, to
the extent that they have a different decay signature, do
not affect the determination of peak centroids.

Ve have determined several mass ratios for isotopes
close to the proposed doubly magic nucleus !°°Sn,
Systemztic trends in the two-neutron separation energies
of nuclides in this region will be discussed.

-

SESSION DE: THEORY 11I: HIGH ENERGY
Saturday merning, 27 October 1950

Roum 158, Loomis Laboratory at 9:00

J. M, Lattimer, presiding

9.60

DE1 Deuteron Production and Flow in Energetic
Heavy-Ion Collisions.* P. Danielewicz, NSCL, Michigan
State U. -- Coupled transport eguations for nucleons and
deuterons are derived from nonequilibrium many-body
theory. Equations obey conservation iaws and yixid the
proper thermal particle distributions In the static
limit. Deuterons are produced in triple nucleon colli-
gions, in a process that is an inverse of the deuteron
breakup. The matrix element squared for the process can
be In princlple taken from the data on the breakup. When
a mofified impulse approximation is used for the element,
then the caleculational procedure may be arranged in such
a manner that it becomes similar to the one in the ap-
proach to production by Remler et al'.

% Hork supported in part by the Mational Science
Foundation under Grant No. PHY-8905933.

1. M. Gyulassy, Y. Frankel, E. A. Remler, Nucl. Phys.
AbO2, 596 (1983); J. Afchelin, E. &. Remler, Phys.
Rev. C 35, 1291 (1987).

9:{2

DE2 Experimental Constraints on In-Medium Effects in VUU °
J JIANG, ] COGAR, G FAI AND D. KEANE, Keni State University,
C HARTNACK and H STOCKER, U, of frankfurt—Th= interpretation
of many heavy-ion experiments, and particuletl; the inference of pruper-

ties of the nuclear equatior, Jf state, relies hsavily on compartisons with

Saturday Morning

nuclear transport theones such as the Vlasov-Uehling-Uhlenbeck (VUU)
model.’ Such models are based on assumptions about the modification of
frec nucleon-nucleon scatte.ag cross sections in the nuclear medium. These
assumptions have been tested through compatisons of VUU predictions
with inclusive fragment momentum spectra for collisions of C, Ne, Ar and
La projectiles at bombarding energies between 0.4 and 2.1 Gc\’/nucleon.2
Good ag.reemcm is found within experimental uncertainties, although these
uncertaintics are generally too large to edequately constrain the models.
*Supported by US DOL Grants DE-FG02-86ER40251 and DE-FGO2-
89ER40531 and by NSF Gzant INT-8813351

'H. Kruse, B.V. Jacak and H. Stdcker, Phys. Rev. Lett. 54, 289 (1885).
23, Nagamiys ef al., Phys. Rev. C24, 971 (1981); D. Keanc et al., Phys.
Rev. C37, 1447 (1888); S. Hayashi ef al., Phys. Rev. C38, 1229 (1988).

9:24

DE3 Charge Dependence of Electromagnetic
Cross Sections for Single Nucleon Removal in Nucleus-
Nucleus Collisions” John W. Norbury, Rider College.—Single
nucleon removal in relativistic and intermediate energy nucleus-
nucleus collisions is studied using a generalization of Weizsacker-
Williams (WW) theory thal treats each clectromagnetic (EM) mul-
tipole separately. Calculations are presented for electric dipole (E1)
and quadrupole (E2) excitations and incorporate a reahstic mini-
mum impact parameter and low energy Coulomb recoil correction.
An analysis of the charge dependence of the EM cross sections from
200 GeV/N all the way down to 100 MeV/N is made showing that
a plot of charge dependence versu. .nergy does not follow a single
universal curve. Even though the WW formalism should not be
applied to lower energies, nevertheless it has been found that the
charge dependence of WW theory is ezactly the same as the gener-
alized theory for all energies studied. "Supported by NASA Grant
NAG-1-1134

9:36

DE4 Statistical Model Calculations in Highly Excited
Compound Nuclei with PACEX.* N.G. NICOLIS, Washing-
ton University and J.R. BEENE, QOak Ridge National Laboratory.
- The need for statistical model calculations in highly excited
compound nuclear systems has prompted the development of a
high excitation energy version of the Monte-Carlo code PACEY.
Features of the upgraded versicn, called PACEX, include: (1)
Pxtension of the allowed particle decay modes to n, p, o, d, t,
{He and ®Li emission, (2) An improved treatment of the trans-
mission coefficients for charged particle emission, (3) The ability
of simulating decays from deformed emitting systems”, (4) An
improved trectment of the nuclear level densities, and (5) A wei-
hted Monte-Carlo option for the treatment of high energy ~-ray
emission. Applications of the code in different reaction systems
will be discussed.

*"'Work supported by the U. S. Department of Energy.
1. A. Gavron, Phys. Rev. C21, 230(1980).
2. N.G. icolis et al., Phys. Rev. C41, 2118(1990).

9:48

DES Dircct Pions in Heavy Ion Collisions, B.A. LI and W.
BAUER, MSU.NSCL* - We present 2 study of pion production
in heavy ion collisions of beam cnergies around 1 GeV/nucleon.
This is accomplished with a new heavy ion transport computer pro-
gram based ui the Boltzmana-Uchling-Uhlenbeck formalism. We
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incurpurate the resvnant production of pivas through A and N*
resonances as well as the direct pion production prucess in nucleont
nucleon collisions. The question if direct pions can be responsible
for the second “temperature” cumpunent observed in pivn spectra
is investigated.

* Work supported by the National Science Foundation under Grant
PIY-8906116.

10.00

DE6 Ciitical Pion Opacity, W. BAUER, MSU-NSCL* - The
new cffect of critical pion opacity is proposed. It is a reduction of
the emission probability for central-rapidity pions in the vicinity of
the critical point of the nuclear “liquid-gas” phase diagram. We
show in a strongly simplified model how this effect can arise, and
we discuss how it could be measured in central symmetric heavy
ion collisions at beam energies of around 100 MeV per nucleon.

* Work supported by the National Science Foundation under Grant
PHY-8906116.

10:12

DE7 Rion Double Charge Exchange from the
Bion Cloud in Nuclei, M. B. JOHNSON, Lgs Alamgs
Nat., Lab., E OSET, Univ., of Valepcia, H.
SARAFIAN, PRenn. State Univ, at York, E. R.
SICILIANO, Los Alamos Nat, Lab., and M
VICENTE-VACAS, .-- We have

made an effort to assess the importance of pion
double charge exchange (DCX) from the pion
cloud in nuclei with low-energy incident pions.
Our model includes sequential scattering and
the delta-nucleon interaction mechanisms using
the results of Ref. 1. Scattering from the
pion cloud is calculated using the model of
Ref. 2., in which the pion-pion scattering
amplitude and its corresponding contact term
are taken from the Weinberg Lagrangian. We
will compare our res. .s to experiments from
l4c, 42ca, 44ca, and 48Ca targets, using
realistic shell-model descriptions of the
ground state.

E. R, Siciliano, M. B. Johnson, and H.
Sarafian, Ann. of Phys. (N.Y.) to be published.
2E. Oset, D. Strottman, M. Vicente-Vacas, and
W.-S. Ma, Nucl. Phys. A. 408, 461 (1983).

10:24

DE 8 Spectator Recoil and the Nuclear Matter Equation of State *
Y SHAO, G FAIL, AND D KEANE, Kent State University —~Attempts to
extract the equetion of state of nuciear matter from nuclear collision dats

typicelly rely on complicated messurements and sophisticated models.! In
contzast, we investigate the sensitivity of o simple particle-inclusive obsers

able, the momentum downshift of spectator fragments, to the equation of
state .n the framework of a geometncal model. For simpliaity, we assume

the tum-independent parametnzaticn of the nuclear mean field.?
We study the propagaticn of the cquation-of-state information from the
participant region to the spectators vaa the nuclent mean field. The specta-

tur downshlft is connected ty the bauncc-oﬂ'phcnomcnon." The model can
Le extended v eccommudate more complicated {momentum-dependent)
potentials. Results will be compared to available data.

*Suppuited by US DOE Grants DE-FG02-86ER40251 and DE-FGO2-
89ER40531 and by NSF Grant INT-8813351

'H. St3cker and W. Greiner, Phys. Rep. 137, 77 (1986).

*G. F. Bertsch and S. Das Gupta, Phys. Rep. 160, 189 (1988).

SH. A. Gustafsson et al,, Phys. Rev. Lett. 52, 1590 (1984).

10-36

DE9 Bound States, Resonances, and Poles in KN In-
teractions with Nucleons and Nuclei. R.H. LANDAU, G. HE,
P.J. FINK, and J. SCHNICK, Oregon State University*.— The lo-
cations of the dynamuic poles in the complex energy planes of the
T matnx for the coupled (K N,¥x,Ax) system are calculated for
the cloudy bag model {«CBM) and several potential models. Each
potential model is found to produce either one or no poles, while
th. CBM is found to support two — thus explaining the unusual
behavior of the T matrices for the CBM. In all cases, the poles’
energies are different from the energies of the A*(1405) determined
by phenomenological analyses along the real energy axis.

These models are also used to construct microscopic, momen-
tum space, optical potentilas including complete Fermi averaging,
three body dynamics, nonlocalities, and the exclusion principle.
Nuclear bound states are found at the complex energy zeros of the
Fredholm determinant. The elementary interaction which provided
agreement with the energy shift in kaonic hydrogen is also found
to provide agreement with strong iteraction shift in carbon. A
hypernuclear state bound by 46 MeV with a width of 18 MeV is
predicted.

*Research supported in part by the U.S. Department of Energy.
*

10.48

DE 10 Lattice calculation of muon pair produ-
ction with capture at RHIC energies. A.S. UMAR,
V.E. OBERACKER, J.C. WELLS, Vanderbilt Univ.,
J. WU, M.R. STRAYER, C. BOTTCHER, ORNL." --
Heavy-ion beams in a relativistic collider
generate very strong transient EM fields (Eg,,

= 1025 v/m for U+U at 100 GeV/n) which produce
lepton pairs in large numbers. Dilepton produ-
ction followed by capture of the negatively
charged lepton into an atomic bound state is
one of the most serious beam-loss mechanisms
for RHIC. Because the effective QED <=oupling
constant Za is of order 0.5 for heavy nuclei,
perturbation theory is not applicable., We
utilize a novel lattice technique (Basis~Spline
collocation method) for the solution of the
Dirac equation in the presence of strong time-
dependent external EM fields. Numerical results
for the impact parameter and beam energy
dependence of the pair production probability
will be presented for Ca+Ca, Zr+Zr and Au+Au.

* Supported by grants from DOE and the National
Center for Supercomputing Applications (NCSA)

INVITED SESSION EA: EXPLORING THE NUCLEUS WITH HEAVY IONS
Saturday afternoon, 27 October 1990; Room 141, Loomis Laboratory at 14:00; C. Gossett, presiding

14:00

EA 1 Gamma-Ray induced Doppler Broadening. S.J. ROBINSON, Institut Laue-Langevin, France.

A techn:lquel has recently been developed at the ILL Gremoble vhereby nuclear excited level
lifetizes can be measured by observation of the Doppler broadening of depopulating transitions.
Unlike standard heavy ion techniques (eg DSAM), where the recoil velocity is a significant
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fraction of ¢, this recoil is induced by preceding gamma emission and is only 107 to 10'°c.
with a subsequent Doppler shift of only a few eV. This is observed with a two axis flat crystal

spectrometerz with ultra high resolution. By comparing the measured line shapes with those
calculated using a model of the slowing down, level lifetimes can be extracted. The technique
is sensitive to lifetimes below a few ps. In conjunction with the neutron capture reac.ion
(vhich is non structure selective) this method offers a unique opportunity to measure the
lifecimes of low spin states at relatively high excitation energy (up to 3MeV) and thus provides
s ingent tests for many nuclear models. Further, the resolution of the spectrometer is such
that even the Doppler broadening of recoils below the atomic displacement threshold energy can
be observed.

14.G. Borner et al, Phys. Lett. B215, 45 (1988).
t4.5, Devey et al, Nucl. Inst. Meth A284, .151 (1989).

14:36
EA 2 Angular Momentum and Cross Section in Subbarrier Fusion.! D. E. DiGregorio, Lawrence Berkeley Laboratory.

Recently, ve observed a finite lover limit for the average angular momentum, <>, in a heavy~ion

reaction, 12c + 128Te. at energies far below the bntrier.1'2 This phenomenon is fundamental in
that it is a feature of all models for barrier penetration, but it occurs at energies whera the
cross sections are very small. The experimental technique we used was to measure the ratio of
the population of a high spin isomer to that of a low spin ground state in the heavy residual
nucleus 237ce. Absolute values of <f> deduced from the isomer ratios and the fusion cross
sections, afus(E). are also of intergsg because they provide an independent experimental

approach to the problem that the theoretical values of <> disagree with those deduced from
fission fragment angular distributions and, sometimes, from gamma-ray multiplicities. This
discrepancy has been an important and. perhaps the central problem in studies of subbarrier
fusion for several years. The double requirement of reproducing both the ofus(E) and- the <#>

places a strong constraint on a model because, within a given model, the average angular
momentum and the energy dependence of the cross section are intimately related. Ve compare all
available data on the first or second moments of the spin distributions and the corresponding
ofus(' with theory. The ree»its o€ Llizs systematic analysis will be presented and discussed.

1Supported by U.S. Department of Energy under Contract No. DE-AC03-765F00098.
1R.G. Stokstad et al, Phys. Rev. Lett. 62, 399 (1989).
iD.E. DiGregoric et al, submitted to Phys. Rev. C.

15:12
EA 3 The Rainbow-Shift Mechanism Behind Discrete Optical Potential Ambiguities.* K. W M.YOY, University of Wisconsin-Madison.

We present & discu. .on of the physical slgni%icance of optical-potential ambiguities, motivated
by recent successes in deternining unambiguous potentials for certiin "transparent® light-ion

systems like 120 + 12c. These ambiguities turn out Lo be a direct consequence of the occurrence

of nuclear rainbows, whose signatu:e is a series of broad Airy maxima and minima in the farside

c-aponent of the corresponding scattering amplitude. In most heavy-ion angular distributions

measured s> far, these maxima are badly obscured by superimposed higher-frequency Fraunhofer .
oscillations; consequently rainbows in general, and their role in discrete ambiguities in

particular, have frequently gone unnoticed. A study of several recent cases shows the nearside

component of the elastic scattering amplitude to be essentially independent of Vo. the depth of

the real part of the optical potentiasl,while the entire farside Airy pattern shifts to larger
angles with increasing Vo. The discrete potential ambiguities occur sizply because appropriate

increases in Vo can ‘shift Airy minimum n to position n + 1, n+ 2, etc., bringing the

farside back in phase with itself and so restoring the forward section of the angular
distribution. This occurs even vhen these minima are *lost® under Fraunhofer fringes which
obscure the underlying rainbov phenomenon. 7This rainbovw mechanism is found to be 2quivalent to
the increment of n in low-{ phase shifts noted long ago by Drisko, Satchler and Bassel;
physically, it unambiguously signals deep interpenetration of the tvo nuclei during the
scattering.

*Supported in part by the National Science Foundation

15:48
EA 4 Resonances in the Electron-Positron System. J. P. VARY, Jowa State University.

Exceedingly narro v resonances in the clectron-positron system are obtatned in scattering solutions to three different
relativistic two body wave equations which are developed from various approximat.ons to QEDL. Complete treatment
of the transversc photon exchange contributions is essential. The corresponding R-matrices are solved in the J®=0%,
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L=1, S=1 channel and the same six resonances are obtained between 1.25 and 2,25 MeV in all three cases. The resonant
energles are 1.351, 1.498, 1.659, 1.830, 2.009, and 2.195 MeV. Analysts of the interaction reveals that the resonances are
short-distance phenomena occurring on a length scale of 30 fm. The close spacings of the resonances are attributabls to
a strong momentum dependence of the Interaction. The widths are calculated to be so narrow as to be conststent with
zero. Since the scale is radically different from the positronium scale and the widths are small for decay to the elastic
channel, these resonances tre quast-bound states of a system labelled "photonium”. These parameler-free results for
photonium generate a provocative basis for the interpretation of the e*e” coincidence peaks from heavy ion scattering
experiments. A comparison of the theoretical spectra of photonium with these e¥e” coincldence spectra and a
discussion of th: conflicting Bhabha scattering experiments wil: be presented.

*Supported In part by the USDOE under Grant No. DE-FG02-87ER4037 1.
LR Spence and J.P. Vary, "Resonanc~c in e*¢” Scattering”, preprint. The results reported in this talk were achieved in

a set of collaborations with John R. Spence.

SESSION EB: ELECTRON SCATTERING
Saturday afternoon, 27 October 1990

Room 151, Loomis Laboratory at 14:00

M. K. Brussel, presiding

14:00

EB1  Compton Scattering from the Proton from 140 to 280
MeV. B. MACGIBBON, F. FEDERSPIEL, A. NATHAN, U.
of Illinois;" D AMENDT, J BERGSTROM, H. CAPLAN,
E. HALLIN, R IGARASHI, D SKOPIK, Saskatchewan Acceler-
ator Laboratory; E. BOOTH, D. DELLI CARPINI, J. MILLER,
Boston U.*; D. MACK, TRIUMF-Angular distributions for

Compton scattering have been measured for the proton at mean

14:24
EB3 N AN N SR
ING FROM 2G AND %8PL *, A.J. Linze?, V. Breton®, P. Bri-

cault®, L.S. Cardman®, B. Frois®, D. Goulte®, D.B. Isabelle®, L.C.
Mazimon?, E.A.J.M. Offermann®®, X.H. Phan’, S.K. Platchkor’,
L Sick', S.E. Williamson®, Univ. of Basel; 2Nucl. Phys. Lab,
Univ. of Illinois, *Inst. fur Kernphysik, Mainz, *NIST, Washing-

ton, DC; SDPhN/SPE Saclay. Nuclear structure information is ex-
tracted from electron scattering data in a one-photon exchange ap-
proximation, modified to account for the distortion of the electron
wave function and radiative effects. The validity of this approxi-
mation can be tested by comparing the scattering of electrons and
positrons from nuclel. We have measured elastic scattering cross

photon energies of 146, 183, 225, and 281 MeV using the
bremsstrehlung endpoint technique. Scattered photons were de-
tected in a large-volume Nal spectrometer, which had sufficient
energy resolution to distinguish the Compton photons from the
neutral pion decay photons. Data were taken at CM scattering
angles between 31° and 142°. The cross sections generally increase
from pion threshold as the A resonance is approached, while the
angular distributions evolve from en extreme backward peaking
near pion threshold to a shape more symmetric about 90° ncar

sections for both positrons and electrons from lead for momentum
transfers between 1 and 2 fm™! and from carbon between 1 and
1.4 fm™!. The modest deviations of these data from the predictions
of phase shift ~alculations set limits on the presence of higher-order
effects in the scattering.

*Supported in part by NSF grant PHY-86-10493.

. . . 14:36
the A. The data will be compared to previous scattering dataas  gpy . Low Energy 180° Scattering from the 110 keV
well as to calculations based on dispersion relations. 1/2- State in 1°F*, J.P. Connelly, H. Crannell, L.W. Fagg, J.T.
. . . O'Brien, M. Petraitis, D.I. Sober, Catholic University of America,
*Supported by the National Science Foundation. JIR. Deininger, S.E. Williamson, Univ. of Illingis — Low

momentum transfer (¢ < 0.9fm™!) electron®scattering transverse
cross sections have been measured on the 110 keV 1/27 excitation
in 19F. The data was taken at the University of Illinois microtron
using the.Catholic University 180° system with electron beam
14:12 energics between 24 MeV and 90 MeV. The El transition rate
EB2  Elastic Photon Scattering from ‘He between 24 and 72 from the 1/2% ground state to the 12~ excitation is of interest
MeV. D.P. WELLS U. of Washington, D.S. DALE, R.A. EISEN-  gjnce these states constitute a parity-mixed doublet. This doublet
STEIN, FJ. FEDERSPIEL, M. LUCAS, K. MELLENDORF,  has been the subject of a scarch for parity non-conservation in
AM. NATHAN, A.E. O'NEILL U. of Hllinois*-Elastic photon scat-  grder to determine the weak component of the nucleon-nucleon
tering differential cross sections from ‘He have been measured be-  interaction!  Although both the longitudinal and transverse
tween 24 and 72 MeV at two angles using tagged monochromatic  form factors have been mapped at higher momentum transfer
photons. At the higher cnergies a significant contribution to the (¢ > 1fm™!), no previous clectron scattering data have been
process originates with scattering from the individual nucleons and measured at lower momentum transfer. The extension of the data
nucleon pairs We therefore expect the measurement to be sen-  to low momentum transfer permits a more accurate determination
sitive to the combined effects of nucleon substructure, specifically  of the 1/2~ — 1/2* transiton rate.
the electromagnetic polarizability of the bound nucleon, and meson 1 yg.G. Adelberger and W.C.Hexton, Ann. Rev. Nucl. Phys. 35,
exchange currents. In addition, at energics above the giant dipole 501(1985).
resonance, the isovector giant quadrupole resonance contributes to & Supported in part by the National Science Foundation
the scattering. Our purpose is to provide data of sufficient quality .
to allow meaningful tests of present descriptions of such effects.
Final results will be presented.

14:48
EB5 rElectroexcitation of Low-Multipolarity
Transitions in %Si." M. PETRAITIS, J. CONNELLY,

*Supported by the National Science Foundation. H. CRANNELL, L. FAGG, J. O’BRIEN, and D. SOBER,
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CATHOLIC UNIVERSITY, R. LINDGREN, UuU. VA., and
R. DEININGER, and S. WILLIAMSON, UIUC--A study of
M1 and M2 transitions in *°Si has been conducted
using the CUA~UIUC 180° electron scattering
system. This work complements the resonance
fluorescence measurement’ of M1 transitions in

this nucleus below the particle emission
threshold. Preliminary energy and multipolarity
asasignments and reduced transition matrix

elements will be presented.

*Work supported in part by NSF under Grant NO.
PHY8820654

'U.E.P. Berg, et al., Phys. Lett. 140B, 191(1984)

15:00

EBS Quasielastic Ry v Response Functions of 3He and ¢ =
1GeV/c)2* Z. MEZIANI, G. DODGE, T. KOH, Stanford U, J.
CHEN, L. CHINITZ, D. DAY, K. GIOVANETT], J. McCARTHY,
R. MINEHART, O. RONDON ARAMAYO, R. SEALOCK, C.
SMITH S. THORNTON, D. BECK, G. BOYD, B.
FILLIPONE, J. JOURDAN, R. McKEOWN, R. MILNER, D.
POTTERVELD, R. WALKER, C. WOODWARD, Caltech, L.
DENNIS, K. KEMPER, Florida State U,, J. MORGENSTERN,
Saclay, I. SICK, W. LORENZON, U, Basel--Inclusive electron ¢t 3s»
sections of 3He and 4He have been measured at SLAC (NPAS). “The
data cover the quasielastic and A region at incident energies ranging
from 0.9 10 4.3 GeV and two scattering angles 15° and 85°. The
transverse and longitudinal response functions of 3He and 4He have
been extracted using the Rosenbluth technique at Q2 = 1(GeV/c)2. An
analysis in terms of scaling properties reveals a new behavior of the
data when compared to low momentum transfer results. The Coulomb
sum rule is also investigated in these light nuclei.

*Supported by the U.S. Department of Energy under contract DE-
FG03-88ER 40439.

15:12

EB7 Off-shell Nucleon Form Factors and
Off-shell Electron Nucleon Scattering. X. SONG, J. P. CHEN,
J. S. MCCARTHY INPP. Univ. of Virgima, - - A relativistic
gauge invanant YNN vertex has been discussed when the initial
nucleon 15 off mass shell. Using the Ward identity, several model
independent relations obeyed by the off-shell form factors are
denived and venfied in & simple dynamical model. The off-shell
behaviour of the furm factors, electron nucleon cross sections and
quasiclastic electron nucleus scattenng cross sections are also dis-
cussed.

* Supported in part by the DOE and the Virginia Commonwealth
Center for Nuclear and Particle Physics.

15:24

EB 8 Parity Violation { lectron-'2C Scat . CUNY®
— Harvard® ~ MIT¢ - Missouri-Rolla? - Princeton® ~ Syracuse/ -
Yale? Collaboration.* K. Isakovich,® J. Bellanca,® G. D. Cates,*¢
G. W. Dodson,® K. A. Dow,® M. Farkhondeh,® R. Holmes,” V. W.
Hughes,? T. J. Gay,? D.-H. Kim,/ S. Kowalski,© K. S. Kumar,/
M. S. Lubell,® R. Michaels,? J. S. Patch,® H. R. Schaefer,? M. E.
Schulze,/ P. A. Souder,’ R. Wilson.2 — At the MIT Bates Linear
Accelerator Center we have measured the parity-violating clec-
troweak asymmetry in the elastic scattering of polarized electrons
from Y2C nuclei.! A source based on photoemission from 2 GaAs
crystal provided a polarized beam with an intensity typically be-
tween 30 and 60 uA. Scattered electrons with a2 momentum trans-
fer Q@ of 150 MeV/c were detected with a pair of quadrupole spec-
trometers. Our result 18 Azp = 0.60:+0.14 ::0.02 ppm, where the
first error is statistical and the second s systematic. With a beam
polarization of 0.37, we compute the 1soscalar,vector hadronic cou-

]
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pling constant 3 to be 0.136 £ 0.032 1.0.009. The Standard Model
predicts 3 = 0.155 at the tree level, in agreement with our data.

*Research supported in part by the U. S. Department of Energy.
!G. Feinberg, Phys. Rev. D 12, 3575 (1975).

15:36

EBY ETA Phowpredugtion From the Proton Near Threshold®,
S.A. DYTMAN, C.W. ALCORN, W.W. DAEHNICK, J. HARDIE,
M. YAMAZAKI, University of Putsburgh; E. BOOTH, J. MILLER;
Bostop University; M.J. LEITCH, S.MISHRA and J.C. PENG; Los
Alamos Nauonal Laboratory; D. TIEGER and K. F.von REDEN;
MIT-Bates Luboratory_Differential cross sections have been measured
for production of ¢ta mesonsfrom a liquid hydrogen target. We hope
to learn more about photon coupling ofthe proton to T=1/2
resonances. From previous data of 20 years ago, thereaction is felt to
be dominated by intermediate states involving the S;; (1535)N*
resunance. The purpose of this experiment was to investigate this
Jominanee further with an emphasis on the region near threshold
where there is no previous data and eny competing reaction
mechanisiiy will be most easily seen. The experiment was done with
a Bremsstrahlung beam at the MIT-Bates Laboratory. Etas were
detevied via the 39% devay branch to 2 photons, using two towers of
Pb-giasa blocks. Angular ditributions will be presented for photon
beam energres of 720 and 750 MeV. We are also generating a
mulupule fit w all the eta photoproduction data assuming resor.ance
dominance and a background of Born terms.

*Work supported by the National Science Foundation.

15:48
EB 10 Measurement of Inclusive Quasielastic

Scatterina of Polarized Electrons from Polarized
_"ﬂa_. W.LORENZON, E.BEISE, E.BELZ, R.CARR, B.FILIP-
PONE, R.McKEOWN, B.MUELLER, T.0/NEXLL and C.%W0OD-
WARD, Caltech.® G.DODSON, K.DOW, M.FARKHONDEH,
S.KOWALSKI, K.LEE, N.MAKINS, R.MILNER, A.THOMPSON,
D.TIEGER, J.VAN DEN BRAND, A.YOUNG, X.YU and J.ZUM-
BRO, MIT. ---We report a measurement of the asymme-
try in spin-dependent quasielastic scattering of
longitudinally polarized electrons from a polar-
ized %He gas target. This measurement represents
the first expeximental separation of electromag-
netic nuclear response functions by using a polar-
ized beam and a polarized target. The measured
asymmetry is in good agreement with a Faddeev calcu-
lation and supports the picture of spin-dependent
quasielastic scattering from polarized 3He as pre-
dominantly scattering from a polarized neutron.

* Supported by the National Science Foundation.

SESSION EC: GIANT RESONANCES
Saturday afternoon, 27 October 1990
Room 144, Loomis Laboratory at 14:00
S. Williamson, presiding

14:00

FC1 A Coinadence Measurement of SLi{~,np) for E,=55-
100 MeV© B.B. RITCHIE, M. K. BRUSSEL, N. R. KOLB, J. 1.
SMITH, U. of Iilinois"—DBremsstrahlung photons with endpoint cn-
ergics from 55 to 100 MeV were used to photodisintegrate SLi.
Emitted necutron/proton pairs were observed in coincidence, and
cross scctions in terms of their opening angles and transverse mo-
menta were measured. Comparisons ate made with previous work
by Wade' {which this experiment continucs) and Vogt?, and with
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the quasideuteron model of Levinger®.

*Research supported in part by the National Science Foundation.

IM. W. Wade, M. K. Brussel, L. J. Koester, Jr. and J. H. Smith,
Phys. Rev. Lett. 53, 2540 (1984).

2J M. Vogt, Ph.D. thesis, Johannes Gutenburg Umv., Mamnz
(1987).

3]. 8. Levinger, Phys. Rev. 84, 43 (1951), Phys. Lett. 82B, 181
(1979).

14:12

EC2 Investigation of the Giant Dipole Resonance of 12C
with (e,e'y). E. Ammons, R. Deininger, S. Dolfini, A. Linzey, J.
\hndc»ille, P. Mueller, E. Offermann, C. Papanicolas, A. Serdare-
vic, and S. Williamson, Univ. of lllinois at Urbana-Champaign, J.
Connelly, Catholic Univ of America~ The (e, ¢’7) method is a rel-
atively new technique in the field of electron scattering, widely ac-
cepted as a precision tool for the study of narrow states below
particle emission threshold. We report on progress towards uti-
lization of the (e,¢"y) reaction to probe the giant resonance region
of the '*C nucleus. Due to the small photon emission probabil-
ity of the giant resonances and their broad nature, combined with
the competition from bremsstrahlung photons, previous theoretical
analysis suggested that the use of the (e, ¢'y) reaction in the study
of the giant resonances would be problematic. In a.new approach,
we look for decay of the giant resonances to luw lying excited states
rather than to the ground state. By forming missing cnergy spec-
tra, (e,¢'y) cross sections, integrated over the resonance, can be
obtained for decay of the gtant dipole resonance of 1*C to the 2*
first excited state at 4.44 MeV and the 0% second excited state at
7.65 MeV.

14:24

EC3  Elastic Photon Scattcring above the GDR of '°0. K.
MELLENDORF, D. DALE, R. EISENSTEIN, F. FEDERSPIEL,
M. LUCAS, B. MACGIBBON, A. NATHAN, U. of Iilinois.*~
Differential cross sections for the clastic scattering of photons from
160 have been measured at scatlering angles of 45° and 135° be-
tween the cnergies of 27 and 68 McV. Beams of incident photons
were provided by the Illinois tagged photon facility and the scat-
tered photons were delected in a pair of large Nal spectrometers.
The motivation for this experiment was to search for quadrupole
strength above the GDR. The signaturc for such strength is a
forc-aft asymmetry in the cross section due to the interference of
the quadrupole with the high energy tail of the GDR. RPA calen-
lations predict that most of the isovector quadrupole strength lies
in the region we have investigated. Previous photoneutron and
photon seattering experiments provide conflicting evidence as to
the amount of E2 streagth in this regica. A preliminary analysis
of the data, along with an interpretation of the data in terms of
E1-E2 interference, will be presented.

*Supported by the National Science Foundation.

14:36

EC4 _ Gamow-Teller Resonance Strenqgth in 3%Fe(n

and 3%Fe(n,p) at o5 HeV?. B. MCEACHERN, F. ?.?.‘amJLx?J,
J.R. DRUMMOND, G.P. GRIM, E.J. HJORT**, J.H. OSBORNE,
M.D. PARTLARN, J.L. ROMERO, Physics Dept. and Crocker

Nuclear Laboratory, U.C. Davis, CA B5618 _ o yopormine

the azcunt of missing GT strength, one compares with the

non-energy-weighted sum rule, $_-§ = 3{l-2), where S_ is
the GT strength in the «_ (B_) direction and S, is in
the ¢ (5*) direction. Latge uncertainties in measured
S valies impact sum rule verification and hinder answers
about GT quenchxng due to RPA correlations®. Recent
measurement? of **Fe(p,n) yields an improved S_ value,
providing motivation to better determine S, using a more
precise measurement of ‘Fe(n,p). 1In add1txon, the GT
matrxx elements from ¥ Fe(n,p), coupled with those from
54cr{p,n), are important in ca;culatxons involving
fp-decay: procesgses significant in the late stages of
stellar evolutxon The CHL {n,p) detector facility was
used to measure 3Fe and Fe(n,pr), 0<e<q5MeV, 0sa<60°;
differential cross-sections for the Gamow-Teller giant
resonance have been extracted and will be presented.

*Supported in part by NSF Grant PHY87-22008
**Associated Western Universities Graduate Fellow
*H Buerbach, Phys. Rev. C36 (1987) 2694

23 p. anderson, Phys. Rev. C41 (1990) 1474-1485
3H.R. Bethe, et al., Nucl. Phys. A234 (1978) 487

14:48
ECS

h th in 118Sp. D.J. HOREN, EE.
BERTRAND, J.R. BEENE, Qag_&dgg_ﬁml_!ah w.
MITTIG, A.C.C.VILLARI, Y. SCHUTZ, ZEN WEK\LONG E.
PLAGNOL, GANIL: and A. GILLIBERT, SACLAY--Final
analysis of our ”8811(‘70 170) measurements at 84 MeV/nucleon
in the giant resonance region indicate that the differential cross
section for excitation of the GQR is well represented by a DW
calculation using the deformed potential model assurmng the
resonance is isoscalar (i.c., My/Mp = N/Z). The data do not
reproduce a minimum near B¢, = 1.9° predicted by a similar
calculation using the %EWSR and B(E2)T reported! from =¥/r-
scattering.

*QOpcrated by Martin Marietta Energy Systems, Inc. under contract
DE-AC05-84CR21400 with the U.S. Dept. of Energy.

13.L. Ullman et al., Phys. Rev. C 35, 1099 (1987).

15:00

EC6

Internal Pair Decay of Giant Resonances in *2Nd.”
C.P.Montoya, S.Adami, LDioszegi, D.J.Hofman, P.Paul and
P.H.Zhang, SUNY-STONY BROOK. The radiative capture reac-
tion "' Pr(p,c*c” }12Nd was used to search for internal pair con-
version from the Gumt Dipole and the Isoscalar Giant Monopole
Resonance based on excited states between 1.57 and 3.8 MeV. A
plastic phoswich array was mounted with its center at 150° rela-
tive to the beam axis in order to de-emphasize the GDR relative
to the GMR. Proton beams from the Stony Brook tandem-linac
with energies from 11 to 14 McV were used to trace out the GDR
1cgion that had previously been reported {1 1n lugh energy v de-
cay. From a- scattering systematics the GMR 1s expected in the
sa'ne energy region, although the degree of GMR collectivity 1s
in question. This cxperiment atlempls to separate the E0 from
the EI transition by a measurement of the ct-c~ angular corrcla-
tion. The data are presently under analysis and cleanly show the
conversion of the GDR. The results on the GMR will be reported.
[1] M. HasinofT et al., Nucl.Phys. A195 (1972) 78.

“ Supported in part by the National Science Foundation.

15:12

EC7 A Measurement of the Giant Electric Isovecior
Quadrupole Resonance in **Pb Using Polasized Photon
Scattering. D.S. DALE, RM. LASZEWSKI, R. ALARCON
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L Loy Highly pulanzed tagged phutuns were used to mea
sure-the pularization asymmetnes fur elastic scattenng in the en-
ergy-regivn of the giant clectniv isuvector quadrupule resvnance i
28Pb. Preliminary data analysis Jearly demunstrates the interfes

ence between the isuvector E2 resunance and the underlying .lec

tric dipole strength. It will be shuwn that the gruss features of
the isovector E2 resunance can be extracted frum the pularization
asymmetries in a relatively mudel Judependent manner. Our ex

perimental results will be discussed.

“Research supported in part by the National Science Foundation.
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Room 136, Loomis Laboratory at ~4:00

D. G. Ravenhall, presiding

14:00

ED1 The Effect of Solar Density Fluctuations

on Neutrino Flux A. B. Balantekin, and F. N. Loreti’,

L of Wiseonsin Madisen  Solar density fluvtuativns' ? are stud
ied in the cunteat of spin-flavor precession of solar neutnnos. The
effect on the clectron neutrino flux of both holes and bumps in
the standard solar model density is calculated for a variety of
densities.

*Research supported in part by the University of Wisconsin Re-
search Committee with funds granted by the Wisconsin Alumni
Rescarch Foundatior and in part by the National Science Foun-
dation.

1. A. Schafer and S. E. Koonin, Phys. Lett. 185B, 417 (1987)
2. A. Yu. Smirnov, “Thirteenth International Conference on Neu-
trine Physics and Astrophysics™, J. Schaeps, T. Kafks, and W.
A. Mann Eds., pg.123 World Scicatific (1989)

14:12
FD2  Electron Anti Neutrino Signal from Spin Flavor

Precession of Majorana Solar Neutrings F. N. Loreti,
and A B Balantekin®, U, _of Wisconsin Madison Spin flavor
precession of Majorana neutrinos is studied!?. For the range of
parameters §m? < 1 x 107% and sin®20 > 1 » 107}, a significant
flux of clectron anti-neutninos can be obtamed using the stan-
dard solar model with a magnetic field confined to the convective
zone, and a magnetic moment of 1 10" ug. This signal should
correlate with sunspot activity. Counting rates for the Borex ex-
periment are calculated.
*Research supported in part by the University of Wisconsin Re
search Committee with funds granted by the Wisconsin Alumni
Rescarch Foundation and in part by the National Science Foun
dation,

. A. B. Balantekin, P. J. Hatchell, and F. Loreti, Phys. Rev.
D41, (1990).
2. A. B. Balantekin, F. N. Loreti, §. Pakvasa, and R. Raghavan
{to be published).

14:24

ED3 Multisoliton Solutions in the Skvrme Model.

L. CARSON, Dept. of Physics and Astronomy, Univ. of Alabama,
Tuscaloosa, AlL 35487.— The static hamiltonian of the SU(2)
Skyrme model with massive pions is formulated on a three dimen
sivnal cubic jatlice and used o determine muitisoliton solutions of

Vol. 35, No. 8 (1990)
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the mudel. Besides reproducing known solutions corresponding to
baryon numbers B = 1 and 2, new, classically stable, localized so-
lutiuns cutrespunding to B = 3, 4, 5 and 6 are found. Although the
new sulutions dv nut share any of the continuous symmetries of the
B = 1 and 2 sulitons, the pion fields describing the solitons with B
= 3 and 4 are found to possess tetrahedral (43m) and octahedral
\ndm) symmetry, respectively. Imphications of these discrete sym-
meties for the spectrum of states in the semiclassically-quantized
theory are also worked out.

14:36

ED 4 Dirac cigenstates for valence quarks with self-confinement and nonlocal
meson_coupling®, M.R. FRANK and P.C. TANDY, Kent State Univ.-.In a
generalized nontopological soliton formalism® the effective meson ficlds are
generated solely from qq composites. This leads, at the mean field Ievel, to a
Dirac equation for valence quarks having a translationally invariant dynamical
mass and a nonlocal quark-meson coupling. In the circumstance where the
dynamical mass is absolutcly confining, the meson fields provide a finite region
in which quark propagation is r2stored allowing formation of solitons. This
mechanism is investigated numerically for several models of the dynamical mass
and the nonlocal quark-meson interaction. The resulting eigenvalues and
agenfunctivns will be presented along with a discussion of the ransitton 1o
confinement, and the possible implications for nucleon structure and the nucleon
meson veriex.

1. R.T. Cahill and C.D. Roberts, Phy. Rev. D32, 2419 (1985); M.R. Frank,
P.C. Tandy and G. Fai, KSU preprint, KSUCNR 012-99; submitted for
publication, 1990.

*Work supported in part through NSF grant No. PHY 88-05633.

L4:48
ED S Electromagnetic Moments of A(1232) in Nonrelativistic

Quark Model and_Skvrme Model™. LISHENG ZHANG and
NIMAT C. MUKHOPADHYAY, Renssclaer  Polvtechnic
Institute, Troy, NY 12180-3590.— — The nonrelativistic quark
modelt (NQM) and Skyrme model? (SM) are among the most
successful ~ hadron  models  stimulated by  quantum
chromodynamics. Here we discuss the important differences
between their predictions on electromagnetic moments of various
charge states of A(1232). NQM predicts nonzero values for
magnetic dipole moments p,, electric quadrupole electric

moments Q4 and magretic octopole moments O Ar all of which
are proportional tc <A On the other hand, SM2 generally gives
these moments without factorization of e A We shall discuss the
relevance of these results to recent experiments3.

iGN Isgur and G. Kazl, Phys. Rev. Di9, 2653 (79); D20, 1191
gs) R Koniuk and . Isgur, Phys. Rev. D21, 1869 (S0). S.5.
ershtein and G.V. Dzhikiya, Sov. J. Nucl. Phys. 34 (6) 870 (81).
E} G.S. Adkins, in "Chiral Solitons” edited by K.F. Liu, World
cientific Singapore, 1957. [3] A. Bossherd, et al.,, Phys. Rev.
Lett. 64, 2619 (90).

*Work supported by U.S. Department of Enesgy.

15:00

ED 6 Calculation of Electrozagnetic Pion Form Factor in
a Non-local Nambu-Jona-Lasinfo Model.® C. D. ROBERIS,
Argonne National Laboratory--A =odel of QCD with & four
fernion current-current interaction mediated by vector
boson exchange is ezployed to calculate I-',(qz) for
spacelike momenta. The vector boson propagator is the
phenozenological iaput in the codel, constructed to
nanifest asymptotic freedom and to ensure quark con-
finezent in the sense that the quark propagator has no
poles at ticelike mosenta. Electrozagnetiss is
introduced through minimal substizution. The model is
anaiyzed in Euclidean cetric and the Schwingez-Dyson
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and Bethe-Salpeter equations that arise in the model
are solved numerically. The dressed quark propagator
and meson Bethe-Salpeter amplitudes thus obtained a:e
used to evaluate the Feynman diagrams relevant to
Fyx(q2). There are two contributions: a direct (or
contact) 7¢7 term and a p pole tern. The direct temm
is the most important at small q? providing most of the
contribution to the charge radius. The contribution of
the pole term becomes relevant at larger q2.

*Supported by the U.S. Department of Energy, Nuclear
Physics Division, under contract W-31-10: -ENG-38.

15:12
ED7 Use of Retarded Greens functions in Finite Temp-

erature Quantum Field Theories® J.E. Davis The Qhio State
University- As is well known!, use of the Feynman propaga-
tor alone in real time finite temperature ficld theories leads to
pathologies in the furm of ill defined products of distnbutions.
Such pathologies arc avoided when the theory is expressed in
terms of the retarded propagator. In addition, we expect the
retarded prupagator s tv play a fundamentai role in duing nun-
perturbative .alculativns because of the fact that, unlike the
Feynman propagator, the rctarded prupagatur enjoys an ana-
Iytic continuation into the complex-energy plane. This can be
decisive when dealing with the non trivial pole structure inher
ent in strong coupled field theories. It is the purpose of this work
to inver “jate the role of the retarded propagator at finite tem-
peratur- *nd study their use in non perturbative approximation
schemes in a J:lly relativistic quantum field theory.

* Work supported by the NSF under grant PHY-8856250.
IN.P.Landsman and Ch.G.van\Veert, Phys.Rep.145,141(1987)

15:24
EDS8 A Sum Rulc for the Spin-Dependent Structure Function

83(z) for Spin-One Hadrons.! S. KUMANO® and F.E. CLOSE**,

* Nuclear Theory Center, Indiana U., ** Rutherford Appleton
Lab., U. of Tennessee, Oak Ridge Natl. Lab.— Tke receat
experimental finding (new EMC cffect) by the EMGC group

on theé spin-dependent structure function of the protor has
stimulated intense interest in the details of spin structures in
the proton and neutron. The measurement for the neutron
requires & polarized deuteton, which is interesting in 1ts own
sight, beceuse there is a new structure function, {j(z). We
investigate a sum rule for by(z). We show?) that 1t 15 related
to the electnic quadrupole moument of the target 2nd obtain
Jdzbi(z)  limo; . dnFolt) - O for isoscalar tasgets if the
sea of quarks and anti quarks is unpolarized.

{ Researc  supported by U.S. D.O.E. under Contract No. DE-
ACO5 840R21400 with Martin Marietta Energy Systems Inc.
and No. DE-FG02-87ER40365 and the Tennessee Science
Alliance Center.

(1) F E. Close end 5. Kumano, submitted for publication.

15:36

ED9

Semlelassical Model for Electron-Positron Resonances, A
Sommerer. C.J. Benesh, J.R Spence, J.P. Vary, Phvsics
Department™ Jown State University,- Mottvated by the destre to
have a simple. phystcally intultive. treatment of the namow ee
resonances recently predicied from solutions of relativistic iwo-
body wave equations (RTBWE)! we develop a semi-classical
treatment to obtain the same resonances. A Hamiltonian obtained

from Darwin's Lagrangian? is used to obtain an infra-atomic scale
circular orbit {dfameter ~ 30fm). A WKB treatment Is then used to
explore for the L=1 states corresponding to those of the RTBWE. A
procedure is invoked to regularize the fnteraction at short distances
and at high momenta. For certain cholces of the regufarization
parameters a spectrum of states with energies corresponding to
those of the RTWBE can be obtained. Some of these states
correspond to peaks In the ¢te” cotncidence spectra from the GSI
heavy fon experiments. The importance of momentum dependence

in the e*e” interactfon fs clearly evident and the distance scale of
the resonance phenomena is the same as that found in the RTWBE

treatment!, The utility of this model for other applications will be
discussed.

*Supported by the USDOE under Grant No. DE-FG02-87ER40371 and
Contract No. W-7405-ENG-82.

15.R. Spence and J.P. Vary. to be published
2C.G. Darwin, Phil. Mag. 39, 537(1920).

15:48

ED 10 Pair Production of Particles in Strong Electric Fields.

J E. SEGER and A.B. BALANTEKIN®,I!. Wisconsin Madison,
and S.H. FRICKE, il. of Dallas - We discuss

non perturbative effects in pair production from classical electric
fields. We point out a formal connection between fermion pair
production in an external field and supersymmetnic quantum me-
chanics. Pair production probabilities are calculated in a uniform
semiclassical approximation. We also discuss the effects on the
probability of pair production from the presence of a dynamical
photon. ’

*Research supported in part by the University of Wisconsin Re-
search Committee with funds granted by the Wisconsin Alumni
Research Foundation and in part by the National Science Foun-
dation.

1. J. Schiwinger, Phys. Rev.82 (1951), 664;03 (1954), 615.

2. A.B. Balantekin, J.E. Seger, and S.H. Fricke, Int. J. Mod.
Phys. A, in print.

16:00

ED 11

Two-photon Intennediate State Processes in Electron-Positron
Scattering, Xizhi Zhang®, C.J. Benesh, J.R. Spence, J.P. Vary,
Physics Department™Jowa State Untversity,— Relativistic two-body
wave cquations have been solved to obtaln ¢*e¢” resonances at
energles close to the observed e*e” coincidence peaks in heavy fon
scattering!  In order to extend the Fock space uscd to deseribe ¢te”
scattering and to examine the sensitivity of the calculated scatiering
resonances to the level of model-space truncation, we have evaluated
the analytical expressions for the two-photon Intermediate state
processes. The results of this analysts will be presented. In addition,
we will describe the efforts underway to Include these processes in
the scattering calculaticns. It is expected that the addition of these
scattering contributions will shift the resonances and contribute to
their widths.

*Supported by the People’s Republic of China. on leave from
Zhengzhou Unlv.

**Supported by the USDOE under Grant No. DE-FG02-87ER40371
and Contract No, W-7405-EvG-82.

LJ.R. Spence and J.P. Vary. to be published.

16:12

ED 12 Inforzational Aspects of i’sotogdxc Quantun Eopzang
- A.A.EIREZIN - XNcXaster U.{Carna af - L.
- !sotogxc diversity of natural nuclej deliveres specific

and pultifaced “degree of freedoz="_in matter.It has isp-
lications for physics!, technology?, biclogy?, =edicinet,

Vol. 35, No. 8 (1990) 1682
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etc. Recenily we‘dxscussed 1sotogzc models of interactive  leological interpretation in terms of “goal attractors-,
nemories in crystalsd. Here I add on possible features of  similar to a “holistic state" of a neural network. Also,
quantua hogpmq {QH) tunnelang transitions of isotopes in  QH under IDEC can be linked to a (reversed) guantuz %eno

crystals. Hicroscopically, elermentary steps of isotopic effect® and to a way to_"get arcund” the smallnmess o
ordering include “ring" exchanges of different isotopes tunnghng factors in cold-fusion-type effects®. Such QH
between lattice sites in isotopic sublattices. Quantua may involve local moves, rather than unlirited diffusion.

nechanical probability of such processes is usually guite 1. A.A.Berezin, Physics Letters:A, 138, 447 (1989).
low because of the tunneling through high barriers. How- 2. A.A.Berezin, J.Phys.Chea.Solids, 50; 5 (1989).
ever, rate of an actual move when it occures is_defined 3. A.A.Berezin, Biol.J.Lirgean Soc., 35,7199 (1938).
by quantun delocalization velocity {U~h/Ma, a~5}),e.g. 4. A.A.Berezin, Nedical Byrotheses, 31, 43 (1990).
typical time is~10-1t sec, Under_ “informationally-drizen 5. A.A.Berezin, K.A.Willia=s, Bull.APS, 35, 1177 (1990},
resonance conditions" (IDE_&C{ a zultiplicity of QHS can 6. W.H.Itano, et al., ngs.}!ev. 2, 41, 2235 (1990}

lead to fast isotopic positional rearrangements of the 7. AlA.Berezin, Puil.APS, 35, 980" (13%0)

whole crystal. In context of ref.3, IDRC can admit te-

*
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Yennello, S.J.— CBl, CB2, CB3,
CB8

Yoder, N.R.— CB3

Yoo, G.— CD8

Young, A.— EBIO

Young, B.— CB5

Yu, X.— EBIO

Zadro, M.— CD9

Zamick, L.— AEIl, AES
Zeller, A.F.— CC6, CC7
Zganjar, EF.— BC7
Zhang, J.— CB6
Zhang, J.X.— BB2
Zhang, J.-Y.— BC3
Zhang, Lisheng — EDS
Zhang, P.H.— EC6
Zhang, W.— DBS
Zhang, Xizhi— EDI11
Zhao, Z.— CC5
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Zheng, D.C.— AEl, AE8

Zhou, X.G.— AC3, AC4, BB3

Zhou, Z.Y.— AC3, AC4
Zhu, F.— CB6

Ziegler, W.— BB5
Zimmerman, B.E.= BC7
Zingarelli, R.— CB10
Zumbro, J.— EBI10
Zwartz, G.— AC?
Zybert, L.~ CD11
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ELEVENTH INTERNATIONAL CONFERENCE
ON THE APPLICATION OF ACCELERATORS IN RESEARCH AND INDUSTRY

REGISTRATION AND INFORMATION DESK

Sunday, 4 November: 3:00 P.M. - 10:00 ?.M., Sheraton Hotel

Monday, 5 November: 7:45 A.M. - 4:00 P.M., UNT University Union Building (Lyceum)
Tuesday, 6 November: 7:45 AM. - 4:00 P.M., UNT University Union Building (Lyceum)
Wednesday, 7 November: 7:45 AM. - 4:00 P.M., UNT University Union Building (Lyceum)
Thursday, 8 November: 7:45 A.M. - 4:00 P.M., UNT University Union Building (Lyceum)

REGISTRATION FEES

University Participants: $150.00 in advance*®; $175.00 upon arrival. Industrial, Government or National
Laboratory Participants: $225.00 in advance**; $250.00 upon arrival.

Although there is no registration fee, students are required to complete the registration form to assist in
conference planning. **Advance registration check urrency only) must be receiv rior to 1 October

1988 in order to receive the advance registration price.

REGISTRATION FORM BELOW

REGISTRATION FORM (please print) for the Eleventh International Accelerator Conference 11/5- 8/90

NAME

Last First/M.L Position/Title
INSTITUTION -
ADDRESS

Street and/or P.O. Box and Mail Stop/Mail Zone

City State/Province Zsp Code/Postal Code Country
Business Telephone { ) FAX #( ) Home # ( )
Area Code & Number Area Code & Number Bitnet Area Code & Number

PARTICIPANTS:
University Industrial Government or National Labs Students
$150 in Advance* $225in Advance* No Charge
$175 upon Arrival 3250 upon Arrival

*Advance Registration Checks must be received prior to October 1, 1990, in order to receive the Advance Registration Price.
Send form to Accelerator Conference, Physics Department, University of North Texas, P.O. Box 5368, Denton, TX 76203-5368 US A.

BANQUET - UNT Coliseum

The Banquet is set for Wednesday evening, November 7, 1990, from 6:30 to 9:00 p.m. in the UNT Coliseum.
The charge is $15.00 per person. This may be paid at Registrstion or sent in with your registration payment.

SGCIAL HOURS - University Union Building, Second (2nd) Floor

Sunday, November 04, 1990: 19:00 - 21:30
Monday, November 05, 1990: 17:00 -~ 18:30 & 21:00 - 22:30
Tuesday, November 06, 1990: 17:00 - 18:30 & 21:00 - 22:30

Wednesd2y, November 07, 1990 17:00 - 18:30 & 21:00 - 22:30
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ELEVENTH INTERNATIONAL CONFERENCE
ON THE APPLICATION OF ACCELERATORS IN RESEARCH AND INDUSTRY

HOUSING
Motel/Hotel/Dormitories Single Double Telephone Telephone
(2 persons
unless stated
otherwise Toll Free #
Sheraton, Denton 53.00 58.00 817-565-8499 USA:
Convention Headquarters 800-325-3535
2211 I-35E North, Denton, TX 76205
Best Western, Denton $23.00 $26.00 817-383-1681 800-528-1234
3116 Bandera (I-35E @ University Drive) Denton, TX 76201
Delux Inn, Denton 21.00 26.00 817-566-1990 none

Refrigerator & Microwave is $2.00 extra; each additional person is $3.00
601 Highway I-35E, Denton, TX 76201
Exel Inn, Denton 24.95 29.95 817-383-1471 800-356-8013
(1 or 2 persons) (up to 5 persons)
4211 Highway I-35E, Denton, TX 76201

Holiday Inn, Denton 45.00 for up to 5 persons 817-387-3511 800-465-4329
Highway I-35E @ Dallas Drive: Teasley Lane Exit (north) to Dallas Drive (south), Denton,TX 76201

La Quinta, Denton 31.00 35.00 817-387-5840 800-531-5900
Highway I-35E @ Fort Worth Drive, Denton, TX 76201

Motel 6, Denton 21.95, $6.00 each additional person 817-387-0571 none
Highway I-35E @ University Drive Exit, travel west access road north, Denton, TX 76201

Auburn Inn, Denton - 37.00 37.00 817-387-0591 800-955-7829

Breakfast included
Highway 1-35E @ Teasley Lane, Denton, TX 76201

Royal Hotel Suites, Denton 22.00 34.00 817-383-2007 none
1210 I-35E @ McCormick Road, Denton, TX 76201

TEXAS:

Hampton Inn, Lewisville 37.00 37.00 214-434-1000 800-HAMPTON
200 N. Stemmons (I-35), Lewisville, TX

Holiday inn, Lewisville 42,50 49.00 214-462-1122 800-325-3535
2398 S. Stemmons (I-35), Lewisville, TX

LaQuinta Inn, Lewisville 30.90 34.00 214-221-7525 800-531-5900
1657 Stemmons Fwy (I-35), Lewisville, TX

Ramada Inn, Lewisville 39.95 39.95 214-221-2121 800-221-2121

Continental Breakfast included
1102 Texas (I-35 & Hwy 121), Lewisville, TX

FURTHER INFORMATION
For further information in regard to the Accelerator Conference contact:

Dr. Jerome L. Duggan

The University of North Texas For Overnight Delivery:
Department of Physics Physics Building

P. O. Box 5368 Avenue A & Mulberry
Denton, TX 76203-5368 Denton, TX 76203-5368

Work Phone: (817) 565-3252
Home Phone: (817) 382-1983
FAX: (817) 565-2227
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Program of the Eleventh International
Conference on the Application of Accelerators

in Research and Industry
Denton, Texas; 5-8 November 1990

PREAMBLE

The Eleventh International Conference on the Applica-
tion of Accelerators in Research and Industry will be held
in the University Union Building on the campus of the
University of North Texas (UNT) in Denton, Texas. The
dates of the conference are 5-8 November 1990. Denton
is located in the the Dallas/Fort Worth (DFW) Metro-
plex, 27 miles from the DFW International Airport.
There also will be a one-day workshop, Sunday, 4 No-
vember 1990, on small tandem accelerators. This
workshop will be at the Sheraton Hotel, which is located
on the campus of the University of North Texas. Registra-
tion for the workshop will be limited to eighty partici-
pants. The registration fee for the workshop 15 $30.00 and
can be paid upon arrival at the workshop registration desk
in the Sheraton. This registration fee 1s separate and apart
from the accelerator conference registration. The
workshop runs from 14:00-19:00 on Sunday, 4 November
1990. Registration for the workshops is limited to 100
participants.

AIRTRAVEL AND CAR RENTAL

American Airlines and Avis Rent-A-Car are the official
travel companies for this conference. For discounted
domestic or international air fare and car rentul
information/reservations, call American’s Meeting Ser-
vices Desk at 800-433-1790 or your travel agent and give
American’s Star File #S-02N04G. For detailed informa-
tion write to the Accelerator Conference Office listed
below or call 817-565-3250.

TRANSPORTATION

Between Denton and DFW Airport:

Sunday, 4 November—Dallas Area Rapid Transit
(DART) buses will depart American Airlines Terminal 3
E, Bl Doorway ‘near Gate 32}, Upper Level, every hour
beginning at 12.00 through 22.00. If you come into DFW
International Airport at a terminal other than American,
your should ride the Air Trans train to American Termi-
nal 3 E, Bl Doorway (near Gate 32), Upper Level. There
will be a fee of S15 (one way), $25 (round trip) for the ser-
vice betwecn DFW Airport and the conference. Please
pay in American currency. Participants who do not rent
cars are urged to ride the official accelerator conference
bus (marked Accelerator Conference). Financially, it is
difficult for us to manage this bus service unless our parti
cipants use it.

Thursday, 8 November—Return to DFW Aurport cvery
21 hours beginning at 12:00 through 19:30.

Friday, 9 November —Return to DFW Aurport every hour

beginning at 7:00 through 12:00.

Taxi service is available to and from DFW Airport but ar-
rangements need to be made at least 24 hours in advance:
Phone Denton Cab Company §17-382-2544.

Airport Shuttle also runs a shuttle service between Denton
and DFW Airport. For reservations call 817-565-9936,
1 to 5 days in advance.

If you rent a car at the DFW Airport, there are now plen-
ty of parking areas for visitors at UNT near the confer-
ence. A parking garage is available at the intersection of
Welch and Prairie Streets, one block from the University
Union Building. Parking stickers and information can be
obtained at the Sullivant Information Center at UNT.
This center can be reached by taking the Avenue D exit
from Highway I-35 North. After you exit, stay on the
northbound service road for one block. The Sullivant
Visitor’s Center will.be on your right.

UNT Shuttle Service: For your convenience, the UNT
Shuttle Service will be operating to transport the partici-
pants back and forth to the hotels and campus conference
facilities. '

This Bulletin of the American Physical Society contains the
complete program for the conference. Participants who
are members of the American Physical Society should
bring this Bulletin with them to the meeting. A limited
number of copies of this Bulletin will be passed out at the
conference to non-APS members.

The conference is being supported by the DOE, NSF,
NBS, SDIO, The Oak Ridge Associated Universities, and
UNT. It will consist of two symposia which essentially
run in parallel. These are the “Symposium on the Use of
Accelerators in Research™ and the “Symposium on Indus-
trial Applications of Accelerators.”™ Sessiuns are arranged
n such a manner that participants can easily interchange
between the symposia.

The conference is composed of 362 invited papers and 158
contributed presentations. The invited papers are divided
between the following groupings. Those papers concern-
ing ndustrial applications (30 sessions) and those related
to research activities with accelerators {23 sessions). Most
contributed papers will be presented in the poster sessions.
These are poster session PA, which will take place Mon-
day evening, 5 November in the hallways and classrooms
of the Physics Building from 19:00-21:00, and poster ses-
sion PB, which will take place Thursday afternoon, 8§ No-
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vember in the Silver Eagle Suite of the University Union
Building from 14:00-16:00. Participants in session PA
may set up their posters starting at 16:00 on Monday, 5
November. They should be removed by 22:00 that even-
ing. Participants in poster session PB may set up their
posters anytime after 10:00 on Thursday, 8 November.
They should be removed by 18:00 on that day. Each post-
er paper will be mounted on a poster board that is 160-cm
wide by 120-cm high. A complete set of instructions for
displaying poster material at APS conferences can be
found in the back of most issues of the APS Bulletin.
Your assigned poster station can be found in the room.
You should be at your poster station for at least the first
hour during this session.

POSTDEADLINE ABSTRAC1>

Postdeadline abstracts will be accepted for this meeting.
These papers will be presented as poster papers in either
poster session PA or PB. The format for this presentation
is exactly the same as for a regular poster paper. We will
accept postdeadline poster papers until 1 November 1990.
A limited number of these papers will be published in the
conference proceedings. Participants who give postdead-
line poster papers must be registered for the conference.

The proceedings of the conference will be published by El-
sevier Science Publishers B.V. They are scheduled to ap-
pear in the April 1991 issue of Nuclear Instruments and
Methods. In the instructions that you will receive, de-
tailed information is provided for preparing the paper.
Since the manuscripts will be typeset by the staff at El-
sevier Science Publishers B.V., camera-ready papers are
not necessary. However, the figures and the appropriate
size lettering on the figures must b: camera-ready. The in-
structions that you will receive spell out all the dos and
don’ts with respe:¢ to manuscript preparation. The com-
plete manuscripts for both the invited and contributed pa-
pers must arrive in the conference office at UNT prior to 1
October 1990. These papers will be refereed prior to the
conference and sent to Amsterdam immediately after the
conclusion of the conference.

Important Notice: Because of the size of this conference, it
will be impossible for us to publish in the proceedings pa-
pers that arrive after ouf 1 October 1990 deadline. In the
past this deadline has been somewhat flexible. This year
no papers can be accepted for publication after the 1 Oc-
tober 1990 deadline.

The proceedings of this conference will be provided to all
paying participants. For those who do not attend the
conference, copies may be obtained by writing North-
Holland Publishing Co. or the organizers of this confer-
ence.

The twelfth conference in this series is being planned by
the Organizational Committee. It will take place in Den-
ton, Texas in November 1992.

Jerome L. Duggan

I. Lon Morgan

Conference Chairmen

University of North Texas

EPITOME

SUNDAY EVENING
19:00 Opuring Reception.
Building, Second Floor.

University Unicn

MONDAY MORNING

8.45 Welcome. English Building, Auditorium.
Duggan, Morgan, Chairman of the
Department of Physics West, Associate
Vice-President for Resezrch and Gradu-
ate Dean Schafer, and President Hurley.
General Session. English Building, Main
Auditorium.  Grodzins, Briggs, Wein-
berg.

9.00 AA

MONDAY AFTERNOON
14:.00 BA Ion-Beam Analysis. Union Building,
Golden Eagle Suite A. Tesmer, Bozoian,
Leavitt, Rauhala, Dobeli, Ziegler, Gos-
sett.
Commemorative Session for Dr. Paul A.
Treado. Physics Building, Room 102.
Slaus, Brown, Lightbody, Howell, Lek-
man, Cranell, Roos, Rolfs, Rodney.
Accelerator Technology. Union Building,
Golden Eagle Suites B and C. Gilman,
Jameson, Rhoades-Brown, Iwata,
MacGowan.
Government . Funding  for  Research.
Union Building, Lyceum. Schoen, Ber-
lincourt, Stephens, Cooper.
Activation Analysis and Nuclear Reac-
tion Analysis. Union Building, Room
410. McKlveen, Supernau, Weinlein,
Rauch, Qiu, Forster, Debrun, Bethge,
Rickards.
Atomic Physics and Related Phenomena.
Union Building, Room 412. Zouros,
Reinhold, Olson, Ullrich, Schneider, Cha-
bot, DePaola.
14:00 BG Ion Sources
Union Building,
Berry, May,
Korschinek.

14:00 BB

14.00 BC

14.15 BD

14.00 BE

14.00 BF

and Control
Room 418.
Myers, Rathmell,

Systems.
Stockli,
Clegg,

MONDAY EVENING
17:00 Social Hour.
Floor.
Accelerator Technology. Art Building,
Room 223. Debiak, D. A. Swenson,
Schempp, Fink, Little, Hamm.
Accelerator Targetry. Union Building,
Room 411. Greene, Maier, Maier-
Komor, Pauwels, Pengo, Thomas.

i9.00 CC Ion Implantation.  Union Building,
Room  410. Andreadis,  Ensinger,
Earwaker, Williumson, Bridwell, Nielsen,
Dearnaley.

Accclerator Technulogy. Union Building,
Room 412. Frawley, Whitlow, Walton,

Union Building, Second

19:00 CA

19:00 CB

19:00 CD
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19:00 CE

19:00 PA

21:00

Johnson, Botwin, Correll.

Single-Event Upsets.  Union Building,
Golden Eagle Suite A. Pickel, Knudson,
Murray, Thieberger, Sexton, Letaw.
Poster Session: Atomic Physics and Re-
lated Phenomena, Energy Loss, Nuclear

Physics. Phys. Bldg., Ist & 2nd Flrs.
Social Hour. Union Building, Second
Floor.

TUESDAY MORNING

9:00 DA

9:00 DB

9:00 DC

9:00 DD

9:00 DE

9:00 DF

9:00 DG

Radioactive Beam Experiments 1. Union
Building, Room 410. Rolfs, Malaney,
Kajino, Nagai, Paradellis, Gorres, Gal-
ster, Becchetti, Cormier, Sherrill.

Ion Implantation. Union  Building,
Room 412, Neri, Culbertson,
McCafferty, Cheung, Herbots, Volkert,
Nielsen.

Photon-Jon  Interaction Using  Fast
Beams. Physics Building, Room 102.
Rau, Quick, Thompson, Lineberger,

Walter, Dinneen, Johnson, Larson.
Positron Beam Experiments and Facilities
I. VUnion Building, Golden Eagle Suite
A. Canter, Cowan, Diana, Howell,
Lynn, Okada, Schaefer, -Hulett.

Atomic Physics and Related Phenomena.
Physics Building, Rcom 104. Schwab,
Mansour, Leventhal, Kadar, Ezell, Ford,
Elkomoss.

Accelerator Technology. Union Building,
Room 418. Jackson, Moser, Mosko,
Newman, Newnsm, Young.

Atomic Physics and Related Phenomena.
Union Building, Golden Eagle Suites B
and C. Church, Giese, Clark, Dunford,
Salin, Ricz.

TUESDAY AFTEROON

14:00 EA

14:00 EB

14:00 EC

14:00 ED

14:00 EE
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Positron Beam Experiments and Facilities
I1. Union Building, Golden Eagle Suite
A. Shaw, Schneider, Segers, Stoll, Shar-
ma, Weiss, Hulett, Jean, Jones.
Radioactive Beam Experiments. Union
Building, Room 410. Mueller, Buchman,
Stokstad, D’Auria, Walker, Ryckewaert,
Feinberg, Hass, Boyd.

Nonlinear Effects in ECR-Generated
Plasmas. Union Building, Room 412.
Wollnik, Reiser, O'Shea, Whealton, An-
taya, Petty.

Nuclear Physics. Union Building, Gold-
en Eagle Suites B and C. Mitchell,

14:00 EF

Accelerator Mass Spectrometry. Biology
Building, Room 200. Anthony, Davis,
Houzhi, Suter, Tuniz, Kubik, Kieser.

TUESDAY EVENING

17:00

19:00 FA

19:00 FB

19:00 FC

19:00 FD

19:00 FE

21:00

Social Hour. Union Building, Second

Floor.

Synchrotron Radiation 1. Physics Build-
ing, Room 102. Johnson, Siddons,
O’Brien, Morgan, Southworth, Kravis,
Levin, Meron, Robinson, Lindle,
Caldwell, Azuma.

Ion Implantation.  Union Building,
Room 411. Torp, Stephens, McKee,
Marshall.

Nuclear Microprobes. Union Building,
Room 412. Saint, Pallon, Sie, Lindh,

Pontau, Kubena, Cholewa.

Accelerator Technology. Union Building,
Golden Eagle Suites B and C. Ober-
schachtsiek, Prasad, Price, Lin, Jones,
Liu, Lawrence.

Selected Topics: Ion Sources, Rail
Guns, Explosive Detection.  Union
Building, Room 418. Tsai, Habiger,
Whitham, Zhao, Harriman, Hayes,
Krasnov.

Social Hour. Union Building, Seccond
Floor.

WEDNESDAY MORNING

9:00 GA

9:00 GB

9:00 GC

9:00 GD

9:00 GE

RBS, Channeling, and ERDA. Union
Building, Room 410. Xiong, Bakhru,
Robertson, Tirira, Keenan.

Cluster Impacts. Union Building, Room

412. Tombrello, Schweikert, Shapiro,
Della-Negra.

Medical Applications of Accelerators.
Union Building, Room 411. Valkovic,
Votaw, Mallory, Lennox, Lambrecht,
Jongen.

PIXE. Union Building, Golden Eagle
Suite A. Vis, Maenhaut, Kusko, Swann,
Ghermandi, Thompson, Thomson,
Watjen, Zanini.

Atomic Physics and Related Phenomena.
Union Building, Room 418. Schuiz,
Schmidt-Bocking, Phancuf, Beiersdorfer,
Biedermann, Waggoner, Cheng, Kamber,
Schoene.

WEDNESDAY AFTEROON

Becker, Madey, Mougey, Holbrow, Ried- 14.15 HA
inger, Tribble.
Atomic Physics and Related Phenomena.
Physics Building, Room 102. Rothard, 14.00 HB
Briand, Andersson, Grandin, Furst,
MacAdam.
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Superconducting Super Collider. Union
Building, Lyceum. Trilling, Dibitonto,
Brau, Sulak, Cox, Lockyer.

Accelerator Technology. Union Building,
Room 410. Youngblood, Miller, Fox,
McKenzie-Wilson, Schroeder, Hakamata,




14:00 HC

14:00 HD

14:00 HE

14:00 HF

Zinkann.

Radiation Processing. Union Building,
Room 412. Sadat, Nablo, Stirling, Cle-
land, Smittle, Blind.

Accelerator Production of Medical Ra-
dioisotopes. Union Building, Room 411.
Michaels, Hichwa, Sharp, Lagunas-Solar,
Boothe, Schiyer.

Atomic Physics and Related Phenomena.
Union Building, Golden Eagle Suite A.
Heber, Kimura, Knystautas, Mannami,
Powers, Musket, Vane.

Atomic Physics and Related Phenomena
(Storage Rings). Union Building, Golden
Eagle Suites B and C. Wolf, Kristensen,
Tanis, Kiuhl, Schuch, Poulsen.

WEDNESDAY EVENING

" 17:00
13:3C
21:00

21.00

Social Hour.
Floor.
Banquet.
Coliseum.
Social Hour.
Floor.
Traveling Physics Circus. Physics Build-
ing, Room 102. Karl Trappe, Rory
Coker and The Physics Demonstration
Group, Physics Department, University
of Texas, Austin.

Union Building, Second
University of North Texas

Union Building, Second

THURSDAY MORNING

9:00 1A

9:00 IB

9:00 IC
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Synchrotron Radiation II. Union Build-
ing, Room 410. Huber, Schlachter,
Rowe, Craft, Keller, Sah, Jones.

Atomic Physics. Union Building, Gold-
en Ezgle Suite A. Watson, Straton,
McGuire, Rudd, Richard, Zoran,
Wanser.

Atomic Physics and Related Phenomena.
Union Building, Golden Eagle Suites B
and C. Graham, Chen, Kanter, Benhen-
ni, Bhalla, Hahn, Anthony, J. K. Swen-
son, Reeves, Bissinger, Cisneros.

9:00 ID

9:00 IE

9:00 IF

Surface Analysis with Ion Beams. Union
Building, Room 418. Tolk, Heiland,
Strathman, Li-Scholz, Smith, Qiu.
Tomography—-Radiography and Intense
Sources. Union Building, Room 411.
Hopkins, Agee, Antolak, Dance, Davan-
loo, Dilmanian, Hurley, Zeman.

Nuclear Physics. Union Building, Room
412. Toth, Spooner, Bhatia, Nelson,
Trautvetter, Nagame, Iwata, Miljanic.

THURSDAY AFTERNOON

14:.00 JA

14:00 JB

14:00 JC

14:.00 JD

14:00 JE

14:00 PB

14:00 PB’
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Atomic Physics and Related Phenomena.
Union Building, Room 412. Fuelling,
Echenique, Heil, Flores, Sabin, Smith,
Weathers.

Selected Topics. Union Building, Golden
Eagle Suite A. Vourvopoulos, Langanke,
Summers, Kim, Wustenbecker, Fischbeck.
Atomic Physics and Related Phenomena.
Union Building, Golden Eagle Suites B
and C. Zeijlmans van Emmichoven,
Tribert, Stolterfoht, St6hlker, Shingal,
Shafroth, Quarles.

Atomic Physics and Related Phenomena.
Union Building, Room 410. Dietrich,
Brun, Havener, Guardala, Del Grande,
Fou.

Ion Microbeams. Union Building, Room
418. Campbell, Jak3i¢, Yang, Grime,
Doyie, Klody, Staffan Tapper.

Poster Session: Particle Induced X-Ray
Emission (PIXE), Rutherford Back-
scattering and Channeling (RBS), Nuclear
Reaction Analysis, Neutron Activation
Analysis, Ton Implantation, Medical Ap-
plications, Accelerator Technology, Tar-
gets, Accelerator Mass  Spectrometry,
Detectors, and Spectrometers.  Union
Building, Silver Eagle Suites A, B, and
C. (The Poster Session is split as PB
and PB’ for indexing purposes only.
This is all one session.)

See Session PB.




Monday Afternoon
MAIN TEXT

WELCOME.

Monday morning, 5 November 1990; English Building, Auditorium at 8:45;
Duggan, Morgan, West (Chairman of the Department of Physics),

Schafer (Associate Vice-President for Research and Graduate Dean),

and Hurley (President of The University of North Texas, Denton)

SESSION AA: GENERAL
Monday morning, 5 November 1990; English Building, Main Auditorium at 9:00;
J. M. Lambert, Georgetown University, presiding

AA1 Nuclear Probes for Detecting Chemical Explosives. L. GRODZINS, Massachusetts Institute of Technology. {30 min.’

More than a dozen nuclear-based techniques have been proposed for rapidly scanning
airport luggage to find hidden explosives by measuring their elemental distributions. In
almost every scheme, the technological challenge is the accelerator, which nust produce its
intense beams of neutrons or photons -~ whether pulsed or D.C. -- in an airport environment,
perhaps even in an airport concourse. The accelerator must be snall, well-shielded, and
cost-effective. It must be operable by nominally-trained personnel, with minimun unscheduled
downtime for repairs or service. The paper will summarize the physics and technology of the
nost promising of the iraging schemes, with special emphasis on the accelerator requirerments.

AA 2 An Overview of the SSC Project. R. J. BRIGGS, Superconducting Supercollider Laboratory. (40 min.)

The technical objectives, milestomnes, and current status of the Superconducting Super
collider project are described. The accelerator consists of an injector complex with
a linear accelerator and three booster synchotrons, and two 54 nile circunference
collider rings where oppositely directed proton beams are accelerated to 20 TeV per
bean and the superconducting dipole magnet is a key technology elenent that conprises
about 1/3 of the machine cost. The paper will summarize the current status of the
developnent of the nmagnets and other key technclogy elerments. The implermentation of
this scientific mega-project relies heavily on partnerships between the SSC Laboratory
and industry, and these relationships should facilitate industrial applications of
the SSC technology developnents.

AA 3 Physics with the SSC. S. WEINBERG (Nobel Laureate), University of Texas at Austin. {50 min.)

SESSION BA: ION-BEAM ANALYSIS
Monday afternoon, 5 November 1990; Union Building, Golden Eagle Suite A at 14:00;
J. F. Ziegler, IBM Corporation, presiding

BA 1 Identification and Compilation of High-Energy Nuclear Reaction Cross Sections for Ion-Beam Analysis.®
J. R. TESMER, Los Alamos National Latoratory. (20 min.)

There has recently been an increased anierest among matenals scienusts in ligher-energy nuclear reactions for ion-beam analysis.
These reactons include both non-Rutherford elastic cross sections for backscattering analysis as well as nuclear reacnons with
ugher-mass projectiles such as 3He and Li. Increased energies makes available a wealth of nuclear structure data, Unfortunately,
there 1s an ;mmense amount of data published, with only a small part useful 1o materials scicatists. The problem becomes one of
cffiaenty sorting through the data. One approach is to take a problem and search the hiterature for a better solunon. The opposite
1s to search the literature to identify, within constraints, 2l the useful data, as well as data that is missing. Both of these methods
will be discussed n the context of formulating a compilation of aseful auclear structure dzta for inclusion i a new handbook for
materials scienusts. Examples will be given of how and where to search for the data as well as constraints that can be placed on
the data set.

* Supporied under the auspices of the U.S. Department of Energy.

BA z Thresholds of Non-Rutherford Nuclear Cross Sections for Ion-Beam Analysis.
M. BOZOIAN, Los Alamos National Laboratory. (20 min.)

A recently developed theoretical model,’ based upon classical scattenng from a Coulomb ficld i the presence of a weakly
perturbmg, Yokawa-like nuclear field, predicts the madent son energy at which elastic backscattering cross sections begin to
deviate from thewr Rotherford values. The model, parameterized with two nucleas constants, a potential and a length, is in
good agreerent with expenmental data for proton and helium 1on beams. Usmgx!hc Iittle backscartermg data avaiable and
several low-energy optical models, the model has been augmented to mclude 2H, 3He, L1, Ly, and B 1on beams by simply
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accounting for projectile mass and isotopic differences betaeen low Z projectiles, especially Z = 1 and Z = 2. The original
form of the model is retained, including the values of the two nuclear constants, however, now the nuclear potential includes a
simple factor involving projectile Z and A numbers. The revised model is in good agreement with available data and optical
model calculations. New cxzpcrimcmal results for 6Li and "Li 1on beams compared with the revised model are presented
elsewhere at this conference.

IM. Bozoian et al., accepted for publication in Nucl. Instr. Meth, B (1990).
2K. M. Hubbard et al., proceedings of this conference.

BA 3 Non-Rutherford ‘He Cross Sections for Ion-Beam Analysis.® J. A. LEAVITT, University of Arizona. (20 min.}

<reasing use of “He analysis beans with energies between 3 and 10MeV for depth profiling

3 backscattering analysas of thin films and near-surface materials requires accurate meas-
wed values of non-Rutherford cross sections for scattering of “He by the lighter ele=ents.
Cross sections for scattering of *He through large angles deviate froa Rutherford at *He
laboratory energy = 2.2MeV for target nuclei '2c and '*0: deviations for target atonic nun-
ber Z = 20 and 40 occur at “He encrgies of about 5 and 1l0MeV, respectively. ®e review the
experizental cross section data currently available for large angle scattering of “He frox
the light clements (4 $ Z < 20} for incident “He laboratory energies 1.5 to 10MeV. For each
target clement, we indicate cnergy regions with smooth crxoss section variation suitable for
use for simple backscattering analysis as well as strong narrow resonances that ray be used
for depth profiling light elements in heavy-element matrices. We discuss experimental prob-
le=s related to mecasurcment of cross sections including target design, energy calibration,
interference froa nuclear reaction products and the effect of inelastic scattering.

*supported in part by the Arizona Research Laboratories, the Optical Data Storage Center and
the Air Force Office of Scientific Research (University Research Initiative Progran).

BA 4 Protons, Helium, and Heary Ions in Backscattering Analysis of High-T,_ Superconductors.®
E.- RAUHALA, Accelerator Laboratory, University of Helsinki, Finlard. (20 min.)

Ton backscattering spectra for 'H, ‘He, 'Li, “C, O, and “Si ions incident on thin and thick superconductor
samples in the energy range 2-28 MeV have been measured. The spectra are anzalyzed by using a computer
program package for ion backscattering data analysis. The general characteristics of the ion beams for the
backscattering analysis of superconductors both in the Rutherford and Non-Rutherford energy regime are
discussed. The advantages and disadvantages of using proton and heavy ion bezms are compared to those
of ‘He ion backscattering. .

* Collaboration with N. NATH, Physics Department, Kurvksketra University, Kurukshetra-132119, India and
J. SAARILAHTI, Semiconductor Laboratory, Technical Research Centre of Finland, Otakaari 7 B, SF-02I50
Espoo, Finland is gratefully acknowledged.

BA 5 A Time-of-Flight Detector for Heavy Ion RBS."? M. DOBELL, ™ Celifornia Institute of Tecknology. (20 min)

We describe tize details and performance of a time-of fligh. spectrometes fot application in heasy jon RBS. An energy
resolution of better than 1% is achieved for '*0 and *C1 ions in the encrgy range between 3 and 15 MeV. Using
BClions for RBS a mass resolutivn between 1 and 2 amu is obtained over the whole periodic table. At the sample
surface a depth resolution of approsimately 1 pg/em? can be achieved. The technique has been used to measure
indium profiles in InGaAs;GaAs quantum well samples with a depth resolution of 30 A, 2s well 2s to determine the
atsense Juss in anncaled GeAs samples. Further applications and improsements of the spectrometer will be discussed.

! Work supported in part by the National Science Foundation [DMRS6-156¢1 2nd DMRSS-11795).
2 Collaborators: P.C. Haubest, R.P. Livi, §.J. Spicklemire, D.L. Weathers, and T.A. Tombrello

3 Supported in part by a fellowship from the Swiss National Science Foundation.

* Permanent address: Paul Scherer Institut ¢fo ETH Zarich, Switzerland.

BA 6 TRIM-90, The Transport of fons in Matter.
J. ZIEGLER, IBM Tkomeas J. Wartson Rescerck Cen..r. (20 mir..)

TRIM is 2 Monte Carlo program for the penciration of ions into solids. It calculates 1on eaergy loss, ranges,
damage. sputienng, backscattenng and transmission averages for compra targets of many clements aad of
scveral layers. The program originated in 1980 (1), 2nd was converied to a2 PC version with animated
graphics ic. 1985 (2). This talk will cover new aspects of the program, including the use of high resolution
graphics to show the 3-dimensiona; c2leulations. Programs are now mcluded to cak .late stopping powers in

Vol. 35, No. 8 (1950) 169s




T N i ¥ . S

Monday Afternoon

compounds, including chemical binding effects. A variety of comparisons will be shown between published
experimental results and TRIM calculations.

(1) ). P. Biersack and L. G. Haggmark, NIM, 174, 257 (1980).

(2) J. F. Ziegler, J. P. Biersack and' U. Littmark, “The Stopping and Range of lons in Solids”, Pergamon
Press (1985).

BA 7 The Application of High-ﬁnergy Backscattering to High-Temperature Superconductors,
C. R. GOSSETT, U.S. Naval Laboratory. (20 min.)

SESSION BB: COMMEMORATIVE SESSION FOR DR. PAUL A. TREADO
Monday afternonn, 5§ November 1990; Physics Building, Room 102 at 14:00;
J. M. Lambert, Georgetown University, and R, L, Walters, Duke University, presiding

BB 1 Quark Mass Difference and the Origin of Charge Symmetry Breaking, 1. SLAUS, Georgetown Unwersity. (20 min.)
BB 2 Antimatter Gravity Experiment,* RONALD E. BROWN, Los Alamos National Laboratory. (20 min.)

An experiment is beil:,g developed to measure the acceleration of the antiproton in the gravitational
field of the earth. Antiprotons of a few MeV from the LEAR facility at CERN will be slowed to tens of
keV in an energy degrading foil, caught in a large electromagnetic trap, and cooled to tens of eV, These
antiprotons will theu be transferred to a second trap where they will be cooled to a temperature of about
10 K and subsegnstly launched a few at a time into a drift tube where the effect of gravity on their
motion will be fttermined by a time-of-flight method. Development of the experiment is proceeding at
Los Alamos using normal matter. The fabrication of a drift tube that will produce a region of space in
which gravity is the dominant force on moving ions is of major difficulty. This involves a study of the
electric fields produced by spatially varying work functions on metallic surfaces. Progress in all these
areas will be mentioned, with stress on the drift-tube development.

*Work supported by the U.S. Department of Energy under Contract No. W7405 ENG-36.

BB 3 Muitinucleon Knockout Experiments at CEBAF, J. LIGHTBODY, National Science Foundation. {20 min.)

BB4 Ncutron-Diffrggtion Elastic Scattering and Breakup Reactions Below 20 MeV. C. R. HOWELL, Duke Unmwersity. * {20 min.)

We are conducting a series of high-accuracy measurements at TUNL at incident neutron energies below 20 MeV on the
n-d scattering system. These measurements are designed to address the following questions: (1) can three-nucleon (3N
scattering observables be used to refine our knowledge of the N-N force, (2) how well do we understand the dynamics of
the breakup reaction in 3N systems, and (3) what is the influence of the three-nucleon-force (3NF) and off-shell effects
on 3N scattering observables? We have measured vector analyzing powers Ay(6) for n-d elastic scattering! and the
breakup reaction? to an accuracy beiter than 0,005 and 0.020, respectively. The new insight on questions (1) and (2)
guined by comparing our data to exact 3N calculations which use the Paris and new Bonn N-N potentials as input will be
presented. The sensitivify of cross section data for different kinematic configurations of the nuclesns in the exit channel
of the n-d breakup reaction to the 3NF will be presented3 along with recent results.4

*Work supported in part by.the US Department of Energy, Contract No. DE-AC05-76ER01067.

1C. R. Howell et al., Few-Body Systems 2, 19 (1987). . ,
2C.R. Howell et al., Phys, Rev. Lett. 61,,1565 (1988).

3W. Meier and W. Glockle, Phys. Lett. 138B, 329 (1984).

41. Strate et al., J. Phys. G: Nucl. Phys. 14, 229 (*988).

BB 5 D-State Properties of 511! D.R. LEHMAZ?, George Washington University. (5 min.)
(Invited Poster Paper: See Poster Display PA 74).

The D-stete structure of SLi is examined within the context of three-body models
(alpha-partiole, neutron, proton). The underlying alpha-nucleon interactions
sare represented by separable interactions {n the 8,2, Pi1,2, and Py, partial
waves fitted to the low-energy phase shifts, while the nucleon-nucleon
interaction 18 .hat of the Paris interaction as given by the PEST expansion.!

A *L1 wave function is obtained by solution of the three~body 8chrodinger
equation. From thig wave function, the following D-wave quentities are
caloulated: D-wave esymptotic normalizaton constant, D-wave SLi -~ alpha +
deuteron momentum distributio, amplitude, D-wavs DWBA parameter, D;, and the
slpha-douteron ocontribution to the full 6Li quadrupole moment. The connection
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of the D-wave asymptctic normalization constant and the alpha-deuteron component
of the 6L1 quadrupole moment will be discussed, especlally with regard to signs.

*Hork supported in part by The U.8. Department of Enerdy: DE-FG0B-86-ER40270.
tIn collaboration with J.P. Woloschek.
1J. Haldenbauer and W. Plessas, Phys. Rev. C30,1822(19084); ©32,1424(1988).

BB 6 Preliminary Results of a New Determination of the RMS Charge Radius of the Proton*
HALL CRANELL, The Catholic Unwersity of America. (5 min.) (Invited Poster Paper. See Poster Display PA 23).

Preliminary Results of a New Determination of the Charqe us
of the Proton HALL CRANNELL, The Catholic Uuiversity of America -- New
absolute and relative cross sections for elastic scattering of electrons
from the proton have been measured using the linac facilities at NIST.
The data were obtained by using a high-pressure, flowing-gas target cell
alternately filled with pure H, and CH, gas. The nmeasurements span a
momentum transfer range from 0.22 to 0.73 fm''. These new results have
been combined with an extensive set of existing elastic electron
scattering data in a Fourier-Bessel analysis to obtain the charge density
parameters and the rms radius of the proton. Some selection among the
available data was necessary because of inconsistencies between published
data sets. We obtain an rms charge radius of 0.865 * 0.020 fm.

"Work supported in part by NSF Grant No. PHY8820654

BB 7 Pion Absorption on Nuclei. P. ROOS, University of British Columbia, Canada. (5 min.)
(Invited Poster Paper: Sec Poster Display PA 76).

BB 8 Novel Applications of Narrow Nuclear Resonances.* K. ROLFS,** North Carolina State University. (5 min.)
(Invited Poster Paper: See Poster Display PA 75).

Improvements in the energy resolution of ion beams and the quality of targets are valuable for the study of a wide range of
phenomena in pure and applied physics with narrow nuclear resonances. An ultra high vacuum system has been
developed which permits the fabrication of very pure targets and the energy spread in the ion beam from the 400 kV
Milnster cascade accelerator has been reduced to about 10 eV.! With this system we have observed a very strong Lewis
effect for resonances in the 23Na, 26Mg and 27Al (p,y) reactions. (The Lewis effect is a manifestation of the quantum
nature of the energy loss process. Its signature is a peak in the thick target yield slightly above the resonance energy,
followed by the usual plateau.) Doppler widths also have been extracted from these resouance data. Preliminary
measurements of the temperature dependence of the Doppler width have been used to extract a "surface” Debye
temperature.2 These measurements show great promise for novel methods of determining surface characteristics.

*Work supported by Deutsche Forschungsgemeinschaft (Ro429/16-1), US Department of Energy, Office of High Energy
and Nuclear Physics (Grant No. DE-FG05-88ER40441), NATO Scientific Affairs Division (Grant No. 86-0485),

¥ Minister fiir Wissenschaft und Forschung des Landes NRW (IVA1-80098389), NC Board of Science and Technology,
and Friedrich-Flick Forderungsstiftung.
**Now at: Ruhr-Universitit Bochum, Bochum, Germany
18, Wiistenbecker et al., Nucl. Instrum. Methods A279, 448 (1989).
2H. G. Reusch, K. Langanke and C. Rolfs (to be published).

BB 9 Radioactive Beams in Astrophysics. W. RODNEY, Georgetown University. (5 min.)
(Invited Poster Paper: See Poster Display PA 80).

SESSION BC: ACCELERATOR TECHNOLOGY
Monday afternoon, 5 November 1990; Union Building, Golden Eagle Suites B and C at 14:00;
M. Suter, PS, Institut fiir Mittelenergiephysik, Zurich, Switzerland, presiding

BC 1 Scientific Program at the SSC. F. J. GILMAN, SSC Laboratory. (25 min.)

BC 2 Accelerators for Materials Development.* R. A. JAMESON, Los Alamos National Laboratory. (25 min.)

Particle accelerators uie important tools for materials research and production. Advances in high-intensity
linear accelerator tew...iology make it possible to consider enhanced neutron sources for fusion material
studies (e.g. using the w Li reaction) or as a source of spallation neutrons. Energy variability, uniformity of
target dose distribution, target bombardment from multiple directions, time-scheduled dose patterns, and
other features can be provided, opening new experimental opportunities. New designs have also been used to
ensure hands-on maintenance on the accelerator in these factory type faclities. Designs suitable for proposals
such as the Japanese Energy-Selective Intense Neutron Source (ESNIT) (20-40 mA cw deuteron beam), the
international Fusion Maternials Irradiation Facility (IFMIF) (250 mA cw deuteron beam modules), and a 1.6 GeV
spallation neutron source are discussed.

*Supported by the Los Alamos National Laboratory, University of California, for the Department of Energy.
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BC 3 Strong Ficld Effects and the Luminosity Lifetime of a Heavy-Ion Collider,*
M. J. RHOADES-BROWN, Brookhaven National Laboratory. (25 min.)

The Relativistic Heavy Ion Collider (RHIC) will accelerate fully stripped ions to beam kinetic energies of 250 (Z/A)
GeV /u. For the heaviest nuclei, i.e., 107Au"’9+, 10%-ions per bunch will circulate in 57 bunches at a kinetic energy
of 100 GeV/u. During bunch crossing, the peripheral collisions of the heavy ions generate a sufficiently large
clectromagnetic field that spentaneous e*e™ pair creations will occur. Up to 107 pairs per second are expected
at RHIC luminosity values (2 x 10% cm=2 sec™?). In addition, a produced electron may be captured by a heavy
ion. The strong field pair creation and captuze process will be discussed, including its effect on the luminosity
lifetime of a heavy ion collider.

*Work performed under the auspices of the U.S. Department of Energy.

BC 4 Status of the JAERI Tandem Accelerator. T. IWATA, Japan Atomic Energy Research Institute, Japan, (25 min.)

The JAERI tandem acceleratoy has been operated for research works since 1982.
Various ions of 43 elements ranging from hydrogen to bismuth have been acceler-
ated with a terminal voltage of up to 18 MV. Thirteen beam lines from the
accelerator are placed in five target rooms. The subjects of research activi-
ties are atomic physics and chemistry, solid state physics and radiation effects
in paterials, nuclear chemistry, nuclear physics, and neutron physics. Main
facilities installed are magnetic spectrograph for heavy ion reactions, on~line
isotope separator, TOF spectrometer for neutron physics and so on. A project of
constructing a superconducving post accelerator to boost the energy of the heavy
ion beams is in progress, The goal of our project is to obtain a 30 MV of
accelerating voltage. The beam acceleration is scheduled to start in early 1993.

BC5 X-Ray Laser Sources.* B.J. MacGOWAN, Lawrence Livermore National Laboratory. (25 min.)

X-ray lasers have been developed since 1984 as sources of high brightness x-rays. Early work
achieved powers of up to 5 MW at wavelengths near 200 & (60c¢V). Recent work at LLNL has
concentrated on the development of the nickel-like tantalum amplifier at 44.83-A. Amplification
occurs in a laser produced plasma created by irradiating a thin foil of Ta with two beams of the
Nova laser. It is hoped to saturate this system at output power levels of 10 MW. The wavelength
of 44.83-A (277¢V) is close to optimal for holographic imaging of live cells and it remains to
optimize the coherent output power of this amplifier to use it as a source for future x-ray
holography experiments,

* This work was performed under the auspices of the U.S. Department of Energy by the Lawzence
Livermore Nationat Laboratory under contract No, W-7405-ENG-48.

SESSION BD: GOVERNMENT FUNDING FOR RESEARCH
Monday afternoon, 5 November 1990; Union Building, Lyceum at 14:15;
G. M. Thomson, U.S. Army Ballistic Research Laboratory, presiding

BD 1 An Overview of NSF Today and Through the Crystal Ball, R. I. SCHOEN, National Science Foundation. (30 min.)

A general ovexrview of the National Science Foundation will be presented.
This will be followed with a discussion of budgetary trends and the 1991
budget. Certain new programs will be explored in more detail with special
emphasis on applied research.

BD 2 Research Opportunities with the Department of Defense. T. BERLINCOURT, U.S. Department of Defensc. (30 min.)

BD 3 Future Science Education Initiatives at the Department of Energy. R. STEPHENS, U.S. Department of Energy. (30 min.}

BD 4 Federal Basic Research: A Legislative Perspective. B. COOPER, U.S. Senate. (30 min.)
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SESSION BE: ACTIVATION ANALYSIS AND NUCLEAR REACTION ANALYSIS
Monday afternoon, S November 1990; Union Building, Room 410 at 14:00;
B. E. Gnade, Texas Instruments Incorporated, presiding

BE 1 Neutron Generators Used for Undergraduate Teaching. J. W. McKLVEEN, Arizona State University. (15 min.)

For the past twelve years our undergraduate laboratory has used a Kaman
A-711, 14.3 MeV neutron genera*or to provide students with a wide
variety of taaching and research oppor -unities. The facility was easy to
license, operates on a low budget (except for accelerator head
replacement), and does not require extra radiation protection staff.
Representative experiments include the buildup and decay of
radionuclides, FNAA, measurement of protein in the student's favorite
food, and the use of delayed neutrons to determine the uranium
concentration in ore samplgs collected during field trips to uranium
mines at the Grand Canyon. Delayed neutron detectors and gamma
spectrometers are coupled to the traditional counting modules and to PCs
with multichannel analyzer capability. A book was prepared which lists
the characteristic decays of all non-gaseous elemgnts, and is used co
facilitate the identification of unknown samples.” This paper will
describe the typical experiments, the detection systems used, and the
benefits and liabilities associated with the use of fast neutron
generators as a teaching "tool" for undergraduate students.

1 J.W. McKlveen, Laboratory manual for NUC/EEE-464, Nuclear Engineering
Eaboratory Experiments.

J.W. McKlveen, FAST NEUTRON ACTIVATION ANALYSIS: Elemental Data Base,
Ann Arbor Science, 1981.

BE 2 Tie Oxygen Activation Log in Underground Injection Control. I. SUPERNAU, Texaco USA. (20 min.)

)
The petroleum industry routinely injects saline waters into lithologic formations deep in the earth
using some 170,000 injection wells scattered around the country, The oil companies and environmental
regulation agencies alike are concerned about the possibility of these brines inadvertently finding
their way into the shallow underground source drinking waters, (USDW's). Toward the aim of preventing
such on occurrence, the industry, in general, and Texaco in particular has developed an oxygen activation
logging system which incorporates a pulsed accelerator Lo produce fast neutrons which activate the
oxygen present in any flowing water near the wellbore. The device's dual spaced detectors allow the
detection of flowing water inside or outside the downhole tubulars and permit a calculation of the
flow rate.

BE 3 A Pulsed Neutron Generator for in vivo Body Composition Studies.*
J. H. WEINLEIN, Sandia National Laboratories, Albuguergue. (15 min.)

A reuron generator system utilizing two zetatron! neutron tubes has been designed and delivered to the U.S. Department of Agriculture
Human Nutrition Research Center on Aging at Tufts University for use in clinical measureraents of body carbon by neutron inelastic
scattering.2 Bach neutron tube is capable of delivering 103 - 10% 14 McV neutrons in a 7 18 pulse at rep rates of 4 or 8 MHz, and can be
operated independently as well as in a master-slave mode. The neutron tubes are gas filled with a mixture of deuterium and tritium; the target
of the tube is operated at -25 to ~60 kVdc and the ion source is operated with a 2.5 kV, 7 us pulse, The tube gas pressure is monitored and
controlled by measuring the total current in the high voltage circuit which is fed back to the gas reservoir drive circuit. Neutrons were
measured with a plastic scintillator and PMT detector.

Sapported by U.S. Department of Agriculture under contract No. 40-ILAN-8-098, and by U.S. Department of Energy under contract
No. DE-AC04-76DP00789.

1. L. A.Shope, R.S. Berg, M. L, O'Neal and B. E. Bamaby, IEKE Trans. Nucl, Sci. NS-26, 1696 (1981).

2. J.J.Kebayias, K.J, Ellis, §. H. Cohn, and J. H. Weinlein, Nucl, Instrum. and Methods in Phys. Res. B 24/25, 1006 (1987).

BE 4 NRA Studies of Hydrogen in Metai-Oxide ki'ms. . RAUCH, J. W. Goethe-Uniwersitét, Federal Republic of Germany (20 min)

Films and film combinations of metal oxides (Si0O2, TiO2, Ta0s5, WO3, ...) are
widely used as coatings on glasses, for modifying the reflectance, absorbance
or transmittance in certain spectral regions for mirrors, filters, windows, etc.
Hydrogen 1s a common constituent of such films. Its eminent role for different
film properties has been elucidated by NRA studies utilizing the resonant
reaction TH(15N, ay)12C. This talk reviews observations on H contents and depth
distributions for various film systems, the influence of deposition methods,
long-term changes and experimertally induced alterations. The unique properties
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of the 15N technique have enabled also the in-situ analysis of hydrogen trans-
port within multilayer systems having electrically switchable optical proper-
ties.

Collaborators: W. Wagner, M. Laube, K. Bange and C. Ottermann,
Research supported by AIF 7434 and in part by BMFT 13 N 5476.

BE 5 Study of Denterium Diffusion Behavior in SiO, by means of D(*He,p)y*He Reaction.*
Q. QIU, Fraunhofer-Arbeitsgruppe fiir Integrierte Schaltungen, Federal Republic of Germany. (5 min.)
(Invited Poster Paper: See Poster Display PB’ 56)

Deuterium with concentration of 10! - 10'° at./cm® has been measured quantitatively by using of D(CHe,p)*He
reaction and a plastic-scintillator detector with large solid detection angle.! Thermal behavior of deuterium 1n SiO,
has been studied in the temperature range of 200°C to 1000°C. Measurement shows that (1) deuterium concentration
in §i0, depends on the solubility of SiOD? in temperature rigion of 200 to 700°C, and (2) water(D,0) diffusion’
is the donimative mechanism for hydrogen diffusion in temperature region of 700°C to 1000°C. Considering results
from ESR and normal electrical methods, the behaviors of deuterium diffused in SiO, have been clarificd?

Collaborators: E.Arai*, Y.Ohjit*

*This reaserch has been taken place in Tokyo Institute of Technology™*,152 Tokyo/Japa., and co-laborated with
Central Reserch Laboratory, HITACHI Ltd.* * Kokubunji 185 Tokyo/Japan.

10.Qiu, E.Arai, M.Aratani, M.Yanokura, T. Nozaki, Y. Ohji, and R. Imura; Nucl. Instr. and Meth. B44(1989)179
2l’-‘.J.Feigle, D.R.Young, D.J.DiMaria, S.Lai and J.Calise; J.Appl.Phys.,52,5665(1981)

3D.L.Wolters, Inst. Phys.ConfSer.No.50, The Institute of Physics,p.18(1979)

4Y.0hji, Y.Nishioka, K. Yokokawa, Qi Qiu, E. Arai and T.Sugano; Solid-State Electronics,Vol.33Supplement,pp.383-
388,1990

BE 6 In Situ NRA Studies of Hydrogen Ingress into Zr-2.5 wt. % Nb at 'the Liquid-Solid Interface. )
J. S. FORSTER Atomic Energy of Canada, Limited, Canada. (!5 min.)

Deuterium ingress into thin (3-5 um) foils of Zr-2.5wtXNb has been studied with the 2D(3He,p)¢He nuclear
reaction. The foils were mounted in a compact celll) placed in a scattering chamber. A 3*He beanm
bombarded the foil and liquid in the cell. Ve introduced substantial concentrations of D into the foil
by removing the native oxide layer with a solution of 0.1 wtX NH,HF, in D,0 and then cathodically charged
the foil using a 0.1 ¥ H,SO, in D,0 solution. Ve anodically oxidized these foils, as vell as unetched
ones, using the 0.1 ¥ H,S0, in D,0 solution, and then measured the deuterium content in situ using the
2p(%He,p)*He reaction.

1).S. Forster, D. Phillips, T.K. Alexander, R.L. Tapping, T. Laursen and J.R. Leslie, NIM B48, 489 (1990).

BE7 Study of the Lattice Location of Oxygen in Semiconductors by Combining Channeling and Charged Particle Activation.
J. L. DEBRUN,* CNRS-CERI, France. (20 min.)

The influence of oxygen on the electronic properties of semiconductors is not well known. This is in part due to the fact that the
analysis »f this element at low concentrations is difficult; the determination of the lattice location is difficult as well, Using charged
particle activation (CPA), we were able to analyze oxygen accurately below the ppm level. By combining CPA wita channeling, it
was also possible to obtain information on the lattice position%) occupicd by ‘ue oxygen atoms. The methods will ue descnged
anddiscussed Recent work on Ga1-xAlxAs prepared by MOVPE with organor .etallic compounds will be presented as an exampe.
It is shown in this work that oxydgen can occupy at least two different sites. tetrahedral interstitial and sugsmutional. The number

ofatoms on eachsite is governed by the number of arsenicvacancies and by the total oxygen concentration, which are both governed
by the growth conditions.

*In collaboration with G. Blondiaux, G. Ducouret, E. Hanna Bakraji

BE 8 Analysis of GaAs by different Ion-Beam Methods.*
K. BETHGE, University of Frankfurt, Federal Republic of Germany. (20 min,)

Impurities in Gads have been determined using different nuclear particle reactions.
Particular interest is focussed on the carbon content because carbon affects the electri-~
cal behaviour, if incorporated in the lattice, whereas the role of interstatial carbo~ 1s
not fully explored. The position of carbon was measured by channeled RBS and NRA using
the 12C (d,p)13C reaction. Similar measurements on implanted carbon show different posi-
tioning in the lattice after tempering, indicating a mobility of the carbon atoms.
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Varirant surface contaminations have been observed after tempering under different gases.
Particular nitrogen plays an important role.

*Suppor ted by BMFT

BE9 Fluorine Studies with a Small Accelerator, J. RICKARDS, Universidad Navivnal Autunoma de Méexico, Mexico. (15 min.)

A small (700 kV) accelerator has been used for studying fluorine in various solids and thin
films, via the resonant nuclear reaction (RNR) technique. The strong and relatively thin
resonance in the 19F(p,ay)150 reaction at 340 keV proton energy turns out to be the most
convenient way of determining this element with a high sensitivity at low proton energies.
With a typical beam resolution of 1 keV and a resonance width of 2.4 keV, a depth resolution
of fluorine in most materials is in the .01 mg/cm2 range. A computer program for a PC that
calculates the excitation curve, given a certain F profile, has been developed and applied

to various cases. The proton energy distribution is assumed to be Gaussian; straggling is
considered. The F profile may be entered point by point or with any given function. B8y
comparing the calculated and measured F excitation functions, a sensitivity of 1019 atoms/cm3
is estimated.

SESSION BF: ATOMIC PHYSICS AND RELATED PHENOMENA
Monday afternoon, 5 November 1990; Union Building, Room 412 at 14:00, P. Richard, Kansas State University, presiding

BI 1 Lffect of Electron-Electron Interaction on Projectile K-Shell Ionization in Lnergetic Ion-Atom Collisions Studied by Zero Degrec
Auger Electron Spectroscopy. T. J. M. ZOUROS, J. R. Muacdunald Laburatury, Kansus State University and University of Crete, Greece.
(20 min.)

Cross sections for 1s ionization of the ground statz of 0** (1s? 2s?) were obtained in 5-25MeV collisions of
0** with He and H; targets. These cross sections were d:.ermined by measuring with high resolution the electron
emmutted at zero degrees with respect to the beam direction, from the Auger decay of 0°* (1s2s%) - 0%* (1s?) +.¢
following 1s iomzation of the 0** ions. An increase of the ionization cross section above the electron impact
ionization threshold for 1s ionization of 0** by free electrons was found to be consistent with an impulse
approxumation treatment of this process. Recent calculations™ of 1s iom.ation due to both electron-nucleus and
electron-electron interaction were also found to be in agreement with the data clearly showng that ionization due
to electron-electron imeracuons can be significant. K-shell iomzation of the metastable 0** (1s2252p°P) component
of the beam is also reported.

Our results are in general agreement with recent ionization studies® of hydrogenic ions in which the
ensuing number of bare ions were directly determined by particle counting.

MY, WANG AND J. Mc GUIRE private communications
@ H.P. HULSKOTTER et al PRL 63, 1938 (1990).

BF 2 On the Description of Classical Trajectory Methods in a Quantum-Mechanical Language.*
C. 0. REINHOLD, * University of Missouri-Rolla. (20 min.)

Formally, quantum collision theory can be exactly formulated in terms of real
phase-space distributions. This type of approach provides an intuitive picture of
complex scattering problems which has proved very useful in different disciplines
such as nuclear physics, chemical physics and quantum field theory. In this work,
the classical trajectory Monte Carlo (CIMC) method, which is a well known technique
in ion-atom collisions, is put into context with these more general phase-space
approaches. It is found that the main approximation made in this model consists of
evaluating the evolution of the phase-space distributions by using classical
mechanics. In other words, the quantum Liouville equation is approximated by the
classical Liouville equation. The CTMC wavefunction is defined in configuration
space and its equation of motion is compared to the Schroedinger equation. As with
any theoretical model, the CTMC method is found to have inherent limitations which
will be discussed.

* Supported by the Office of Fusion Energy, U.S. Department of Energy.
+ New address: Department of Physics, University of Tennessee Knoxville.

BF 3 Electron Emission in U9% 4+ Ar Collisions.* R.OLSON,* Unwersity of Missouri-Rolla. (20 min.)

Ionized electron spectra have been calcnlated for 1.4 MeV/u collisions of uU9* on Ar,
with charge states q irom 11 to 92. The classical trajectory Monte Carlo method has
been utilized with Haitree-Fock model potentials to represent the Ud* ion’s 4f-shell,
and the L- and M-shells of Ar. Singly and doubly differential cross sections in
ionized electron energy and angle are used to illustrate the various collision
dynamics. Projectile electron-loss and charge-transfer-to-the-continuum cross
sections near 0° are analyzed and compared to one another. Electrons ionized from
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the L-shell are found to be more narrowly peaked in angle than those from the M-shell
of Ar, giving raise to a slight "ridge" in the differential cross sections near 0°.
The Ar electron binary peak Ve = 2v,cos® is investigated as a function of projectile
charge and angle and at 0° the magnitude does not scale with gq. Anomalously large
cross sections for "hot" electrons from the UY ion are found at velocities
significantly above that for projectile binary peak electrons of Ve=Vp.

*Work supported by the Office of Fusion Research of the U.S. Department of Energy.
*ork in collaboration with C. 0. Reinhcld and D. R. Schultz.

BF 4 Recoil-Ton Momentum Spectroscopy.*
J. ULLRICH, Gesellschaft fiir Reaktorsicherheit Darmstads, Federal Republic of Germany. (20 min.)

Within the last years the spectroscopy of the target recoll momentum?® in distant lon-atom colli-
slons has been established as a third, independent and valuable method of target speciroscopy
besides the classical measurement of ejected electrons and x-rays. For a large set of collision
systems e.g. for fast and heavy projectiles as dellvered by the new SIS/ESR facili-ties at GSI
impinging on gaseous targets. :he determination of the recoil-lon transverse momentum provides the
only possibility to obtsin differential excitatlen or lonisation cross secticns. Moreover, since the
requirements on the lon beam (emittance, focussing) are comparably low even for high precision
measurements, experiments using exotic beams like antiprotons can be envisaged. The present stage of
development of tlie recoil~fon momentum spectroscopy Is illustrated, its special ability to obtain
informatfon on inany-body interactions Ir an lon-atom collision is demonstrated? ard the future
potential of the method as to the momentum resolution, the solid angle and possible applications in

]

many gariicle coincidence measurement is outlined.

* supported by GSI, Darmstadt and Bundesministerlum fir Forschung und Technologie (BMFT), FRG
t Ullrich J, Schmidt-Bécking H, Kelbch C, 1988 Nucl. Instr. Meth. A258 216
t Olson R E, Ullrich J and Schmidt-Bdcking H 1989 Phys. Rev. A 39 6572

BF 5 §-Ray and Auger Electron Spectroscopy f"ollowing Heavy-Ion Collisions.
D. SCHNEIDER,* Lawrence Livermore National Laboratory, Livermore. (20 min.)

Recent results from secondary electron spectroscopy, including high resolution Auger electron spectrose . py, performed at the
SuperHILAC and the ECR source at Lawrence Berkeley Laboratory and at EBIT at Lawrence Livermore National J aboratory are
presented. Doubly differential cross sections and yields for continuum electron emission following collis...iis of MeV/u‘U-10n
impact on gases and foils are shown. Data from high resolution Auger electron spectroscopy following the formation of Auger
states via multi-electron capture in slow ion-atom collisions are discussed. First attempts to measure eleciron enussion following
the impact of very slow highly charged ions on surfaces are demonstrated.

*Work performed under the auspices of the U. S. Departnent of Energy at Lawrence Livermore National Laboratory under
contract number W-7405-ENG-48.

BF 6 Single and Double Excitation of Two-Electron Ions. M. CHABOT, Institute Curie, France. (20 min.)

BF 7 RTE Studied in Electron Emission.* B. D. DEPAOLA, J. R. Macdonald Laboratory, Kansas State University. {20 min.)

Resonant Transfer with Excitation (RTE) is currently of great interest both because of its apparent similarity to
dielectronic recombination, and because, being at least a four body problem, serves as a proving ground for few body
atomic theories. Recent advances in the siudy of RTEA, RTE relaxing through Auger emission, will be discussed.

* Supported by the Division of Chemical Scierces, Office of Basic Energy Scierces, Offi.~ of Energv Research,
U.S. Department of Energy.

SESSION BG: ION SOURCES AND CONTROL SYSTEMS
Monday afternoon, 5 November 1990; Union Building, Room 418 at 14:00;
J. M. Anthony, Texas Instruments Incorporated, presiding

BG 1 The Physics of Electron Beam Ion Sources.* MARTIN ST6CKLI,
J. R. Macdonald Laboratory, Kansas State University,. (20 min.)

The typical Electron Beam Ion Source uses a high field solenoid to compress and confine the electron beam which
transverses the solenoid on its axis. Atoms crossing the electron beam are easily ionized and become trapped inside
the source. Step-by-step ionization by the electron beam increases the charge state of the trapped ions during their
confinement, which normally is controlled with electrostatic potentials at both ends. Therefore, the resulting average
charge state increases with the product of the electron beam density and the confine,aent time, but is limited by the
rate of electron capture from the residual gas. However, experience with the operat.onal Electron Beam Ion Sources
over the last few years has shown the importance of other processes such as dielectzunic recombination or jon
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heating. With the recognition of ion heating and ion-ion cooling, the maximum ac..”..vedd charge states were pushed
to even higher limits, which now include bare Krypton and hydrogen-like Xenon.

* Supported by the Division of Chemical Sciences, Office of Basic Energy Sciences, Office of Energy Research,
U.S. Department of Energy.

BG 2 Characteristics of ECR Plasmas for Advanced Deposition and Etch Technology.® L. A. BERRY, Ouk Ridge Laburarory. (20 min.)

Plasmas created by micruwave absorption at the electron vyclotron resonance (ECR) are increasingly used for a vanety of plasma
processes, including both etching and deposition. ECR sources efficiently couple energy to e.x vns and use magnetic

confinement to maxirmize the possibility of creating an 1on or free radical. The characterisucs of ECR .. - include: capability
of operating over a wide pressure range {from below 10°3 Torr to over 10 mTorr), intrinsic ion .. o', - hw as 10-20¢V;
high gas efficiency, and clectrodeless operation. As a result, processing can occur with mwr .« e, | «x ion energy and
directionality, which in tum leads 10 finer control over etch kinetics (or nucleation and g.. ach k.. & wuticr damage. The
lack of electrodes allows for infrequent source maintenance and reduces the possibility - 4+ .« .- . . on. Etching

applications include Si and GaAs devices. Materials successfully formed include cubic boronn.... . & .~ ! ~ut 5iOxNy.
*Research sponscred by the U.S. Department of Energy under contract DE-AC05-840R21400 witt -lartin Marietta Energy

Systems, Inc.
**[n collaboration with S. M. Gorbatkin.

BG 3 The TAMU ECR Jon Source: K500-+ECR Performance.* D. P. MAY,** Texas A&M Unive:. in.)

Ty, Toxas MM ER ion source produced its first plasma in Aagust 1989, and by wctober it was
carobie of prodacing a variety of high-charge-state ion beems. In Novesber the source began

“polying beemis for the K500 superconducting cyclotron so thet source ¢-. .X ws art back
canidam‘lg. 'n':einitiﬂsserfmmmhasbememanat. Foems sxch a8 17+ 84 1S+
63,17+, 4024t 32511+ 1667+ 4 g5t have been supplied to the cyclotzon. Experiments bave

been run wsirg bexs with encrgy/mucleon ranging from 2.4% MeY/n to 40 MeV/n, with total energy
ranging from 60 ¥V to 1.26 GeV, and with mass ranging fram 4 to 129. Future developesvc includes
ovens and/or rod drivie for the production of beams from solid materials and the oorditicning of
the sorce with silane gas.

SQupporcted in part by the U.S. Department of Energy under Gramt DE-PGOS-8GER40256, The Robert A.
Helch Ruedziion and TAIRP.
G, Moci.ity, P. Smelser, R. C. Rogers and D. H. Youngbload, Collaboxatars.

BG ¢ The FSU Optically Pumped Polarized Lithium Ion Source.* E. G. MYER® [+ Flonda State University. (20 min.)

A laser-optically-pumgeg polarized lithium icn source is being developed to provide beams
of nuclear polarized °’’/Li” for injection into the F.S.U. tandem Van de GraaZf-Linac
accelerator. The source is largely based on developments of the polarized alkali source
at the Heidelberg M.P. tandem {1,2]. Electro-optically modulated, circularly polarized,
light optically pumps a lithium atomic beam into a single magnetic substate, M;=X, M;=1/2
{3]. No inhomogeneous magnetic field (sextupole or quadrupole) is needed. Adiabatic R.F.
transitions enable the polarization to be changed by transferring the population into
different magnetic substates. Using a second electro-optic to modulate a seccad beam from
the same laser, and Zeeman tuning, the polarization of the atomic beam is obtained from
laser induced fluoreScence.

*Supported by the National Science Foundation and the State of Florida.
1. D. Kramer et al., Nucl. Inst. and Meth. 220 (1984) 123.

2. H. Jansch et al., Nucl. Inst. and Meth. A254 (1987) 7.

3. H. Reich, Diplomarbeit, Heidelberg (1987).

BG 5 Automated Accelerator Controls for 2 3 MV Tandem Pelietron. R. D. RATHMELL, National Electrostatics Corporation. (20 min.)

A new accelerator control system has been developed using a real-time, multi-tasking operating
system running on a Motorola 68030 based microcomputer. The system includes m.ltiple graphics
and text displays and provides communication for the operator via these displays to the
accelerator which 1s interfaced to CAMAC. Most accelerator parameters can be controlled using a
mouse in conjunction with a single graphic display elinminating the need t»n change CRT pages %o
control parameters from the source to the target. A touch screen i1s also avallable to peramit a
number of parameters to be at the operator's finger tips at all times, Operating parameters for
a new beam and energy can be automatically set by scaling from a previous set of data. The
program and database are structured to facilitate interlock.ag and cloced loop control of
parameters. The hardware configuration, structure and fes.ures of the software will be
reviewed.
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BG 6 Prospects for Single State High Charge State ECR Ion Sources. T. CLEGG, Unwersity of North Carolina, Chapel Hill. {20 min.

BG 7 The Munich Laser-Yon Source: Research Results. G. XJORSCHINEK, Technische Unwversitat Munchen, West Germany. {20 min.)

SESSION CA: ACCELERATOR TECHNOLOGY
Monday evening, 5 November 1990; Art Building, Room 223 at 19:00);
R. W, Hamm, AccSys Technology, Incorporated, presiding

CA 1 Cesium-Enhanced H™ and D™ Bes:in Characteristiz2 from a High-Brightriess Volume Source.*
T. W. DEBIAK, Grumman Corporation. {20 inin.)

Previous experiments have demnnstrated that the H beam extracted from a volume source may increase by a factor
of four or more when cesium vapor is 1atroduced into the arc discharg chamber. This is accompanied by a dramatic
reduction in extracted electron current and a sm:li increase in RMS emittance. We have extended these experiments
to higher H  current enhancement and to D™ beams abtained at the same energy (20 KeV) and in the same extraction
configuration. The D" results show similar characieristics to that obtained with H beams. In particular, a curvent
enhancement of a factor of five was obta” »d compared with noncesiated results and the extracted electron current is
dramatically reduced. A study of the &- .n divergence of Cs-enhanced be *ms as a function of extracted equivalent
current produced unexpected results, Zhe minimum beam divergence aj.eared to occur at a different equivalent
current than *he uncesiated results. In addition, the minimum beam divergence of the H™ beams appeared to oc:ur
at a lower equivalent current than the D™ beams.

*Supported by Grumman IRAD Contract 7222-3002

CA.2 A *He RFQ Linac for PET Isotope Production.*
D. A. SWENSON, Science Applications International Corporation, San Diego. (20 min.)

An isotope production facility, based on an 8-MeV *He RFQ Linac, is under development
to fulfill the needs of the medical community for hospital-based sources of short-
lived, positron-emitting radioisotopes fir positron emission tomography (PET). The
short-lived nature of these isotopes (2 m.nutes for '0) necessitates that these ions
be produced at the location where they are used. This gives rise to a need for
economical sources of these isotopes that are suitable for installation in both new
and existing Pedical research and treatment facilities. The isotope production cross
sections for “He projectiles re adequate at ar ion energy of 8 MeV. These ions, which
have the same velocity as 2.66-MeV protons, lie within the velocity range for efficient
acceleration in RFQ linacs. The choice an RFQ linac ¢ che accelerator and “He++ as
the projectile leads to a very favorable configuration for the production of these
isotopes. The single linear accelerating structure make. for simple operation and easy
maintenance. The double charge state of the projectile makes for efficient
acceleration and effective focusing. The neutron-poor nature of the projectile leads
to very low activation of the accelerdiors and target systems and minimizes the required
radiation shielding. The electrical power, cooling and floor load.ng requirements are
well within the capabilities of normal hospital and laboratury facilities.- A
description of the isotope production facility under development will be given.

*Supported by the SDIO Offi.e of Technology Applications.

CA 3 Recent Applications of RFQ Linac. n Rescarch and Industry., A. SCHEMPP, Unwersutat Frankfurs, West Germany. (20 min.)

CA 4 A 3-MeV Accelerator Test Stand.* C. L. FINK, Argonne Nationa! Laboratory. 20 1i¥i.;

The Applied Accelerator Programs Section of the Engineering Physics Division at Argonne National
Laboratory is collaborating in the development and testing of high-current hydrogen and deuterium
accelerators for potential applications in fusion material testing, plasma injection heating,
accelerator production of tritium, and space-based accelerator systems. A 3-MeV accelerator system
has been assembled to study key issues, componenis, and diagnostics in these high-current devices
in an offline environment. Modular design of the source, extractor, accelerator column, low-energy
beam transport, and radio frequency quadrupole allow maximum flexibility in performing tests of
system components and new accelerator concepts. The initial system consists of a H; volume source,
a 140-kV accelerator column, a cryogenic radio frequency quadrupole, and 480 kW power supply. The
radio frequency quadrupole and radio frequency power systems were designed by AccSys Technology.
LSV, s stere are 2 current of 100 mA, an emittance of 0.02 n-cm-mr, an output energy of 3 HeV,
a pulse widtn of 100 ps, and a 0.1 percent duty factor. Initial operation of this system will be
to test beam diagnostics being developed for the Continuous Wave Deuterium Demonstrator. Ideas for
future activities include testing longitudinal emittance diagnostics, low-energy beam transport
systems, new superconducting radio frequency cavity designs, and computer control systems. Future
system upgrades may extend the pulse width to several seconds to test continuous wave
superconducting radio frequency quadrupole designs and provide the option of using other sources
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such as H*, D*, and D. Medifications of the low-energy beam transport to an electrostatic system
that does not require charge neutralization is also being considered. The source, extractor, and
accelerator columns are being assembled currently, and the radio frequency quadrupole fields have
been characterized and compared to previous measurements made by others.

*Hork supported by the U.S. Department of Energy under Contract W-31-109-ENG-38 and by the U.S.
Army Strategic Defense Command.

"Work described was performed in collaboration with A. Taylor and L. Sagalovsky.

CA 5 Initial Operation of the LLUMC Accelerator and Beam Transport.
R. LITTLE, Science Applications International Corporation, Princeton. (20 min.)

The first proton synchrotron sysicm built specifically for cancer treatment is in the carly
stages of operation at Loma Linda University Mcdical Center (LLUMC). The accelerator,
a 250 McV proton synchrotron, was designed, built, and tested by Fermi National
Accclerator Laboratory and was moved to Loma Linda late¢ in 1989. Commissioning and
initial opcration at Loma Linda is described. A complete beam transport system to the
trcatment rooms has been installed including 360 beam rotation to permit isocentric
trcatment. This commissioning and operation is being performed by SAIC for LLUMC.

CA 6 The TRILAC—A New Company Linac fo, Analjitcal Analysis. R. W. HAMM, AccSys Technology, Incorporated. (20 min.)

Since the development of the Radio Frequency Quadrupole (RFQ) structure, the ion
linear accelerator (linac) has been accepted as a useful tool in research,
industrial, medical and military applications. The small size and high
efficiency achievable with the RFQ has made it ideally suited for applications
which require a portable accelerator. This characteristic nas been exploited in
a new portable system for analytical analysis. A small EQ lin-wc that can, be
configured to produce either 1 MeV protons, 900 keV deute:onsg, or 1.8 MeV “He
ions has been packaged in a self-contained unit mounted in a portable cabinet.
The current available from this system varies from less than one microampere to
more than 100 microarperes, depending on the application. This small unit can
be easily transported or mcved about a plant or laboratory for application in
PIXIE, neutron activation analysis, or RBS. The system and its features will be
described, along with the results from a prototype unit for deuterons.

SESSION CB: ACCELERATOR TARGETRY

Monday evening, 5 November 1990; Union Building, Room 411 at 19:00;

J. Pauwels, Commission »f the European Communities, Center for Nuclear Measurements,
and G. E, Thomas, Argom:c National Laboratory, presiding

CB 1 Reduction of Rare-Earth Isotopes. J. P. GREENE, Argonne National Laboraiory. (25 min.)

CB 2 Radioactive Targets ¢ .» Heavy-Ion Experiments.
H. J. MAIER, Universitd: Miinchen, Federal Republic of Germany. (25 min.)

The quality of a nuclear accelerator target is assessed in terms of its purity,
mechanical strength, thickness uniformity and microstructure. High vacuum thin £ilm
condensation is the preferred production method, because it results in microscopically
smooth targets of hign purity. Special variants of this technique are used in our hot
laboratory to prepare .adioactive targets of good macroscopic and microscopic
hcmogeneity while keeping the consumption of isotopic material on a low level. New
equipweent including nodern production plants as well as gloveboxes and hotcell
facilities permits to maintain the service for a long period.

Radioactive targets prepared in our laboratory do not differ in morphology or other
properties from stable isctope targets. Their mechanical strength is mainly detexmined
by the back.ng, wheirgas the degradation under heavy ion bombardment is governed by the
chemj :al anu physical behav.our of the target material. The inherent radioactivity
has v.rtually no influence on the lifetime of such a target.

CB 3 A Review of Laser Ablation Techniques for the Preparation of Vacuum-Deposited Isotope Targets.
P. MAIER-KOMOR, Techmscae Universitdt Miinchen, Federal Republic of Germany. (25 min.)

Laser ablation techniques are used for the preparation of ac.elerator targets at
our laboratory since 1378. For refractory materials, where the -aporation out of
a collimating crucible is not possible, laser ablation is the most efficient method,
because all other procedures cannot cover such a big solid angle for the substrates.

Vol. 35, No. 8 (1990) 1705




Monday Evening

Evaporation of isotopic refractory materials at a controlled partial pressure of
an oxidizing or reducing gas can be performed only with laser ablation techniques.
Procedures for target preparation are described using different Nd:YAG laser
systems, optically coupled to a vacuum chamber with a base vacuum of 10™5pa.
Differences in the results depending mainly on the time structure of the laser
beam are discussed for lasers with up to 100 W cw-power and pulsed lasers with
a peak pulse power of 0.1t MW for 20'ns and 30 MW for 10 ns pulses.

CB 4 Specific Nuclear Target Preparation and Characterization Techniques Used at CBNM.
J. PAUWELS, Commission of the European Conununities, Joint Research Centre,
Central Bureau for Nuclear Measurements, Belgium. (25 min.)

CBNM's nuclear target preparation activity is conceived as a public service towards neutron physicists not
only from CBNM, but also from universities, nuclear centres, industry, etc.

Besides more classical technigues 1iike electrospraying, spray painting and electrolysis, high quality
actinide deposits are prepared by vacuum deposition of actinide fluorides. These evaporate at approximately
1000°C lower temperatures as oxides ds. The possibility to do so 1s however dependent on the possibility to
prepare high quality actinide fluoride powders without water residue. This technique 1s used to prepare
targets used for cross section measurements, for fission fragment studies and also for targets used as
fiﬁgontfoﬂs. In this case high accuracy characterization is obtained by low geometry a-counting and IDMS
calibration.

Similar techniques were also used to prepare certified reference deposits of 6LiF and 108 for absolute
netutron flux measurements. ’

Finally, it must be mentioned that many deposit requests are carried our on thin folls. Therefore, important
developrient work was carried out to prepare very thin (< 25 pg-cw-2) polyimide foils.

CB 5 Experimental Requirements for Accelerator Targets. R. PENGO, INFN-Laboratont Nazional di Legnaro, Italy. (25 min.)

The successful conclusion of a nuclecar physics ecxperiment very often depends on the quality and
characteristics of the target used for the nuclear reaction. A target is pormally a thin film, composite or not, of
an isotopc-enriched material. Various tcchniques have been developed (vapour condensation, rolling,
sputtering, clectrochemical deposition, cic.) in order to meet both the cxperimenter's requirements and the
cost of the preparation itself. The former depends on the type of cxperiment to be carricd out; while, for
instance, to detect the gamma-rays of the de-cxcitation of a nucleus produced aftier a nuclear reaction, 2 thick
target can be used (up to few mglcmz). whereas for a2 reaction mcchanism swudy or a lifctime measurements a
thin target must be used (a few tens of mg/em2). The latier problem, i.c. the total cost, is mainly related to the
necessity of using matcrials which are isotopically cnriched and somctimes radioactive in order to obtain the
desired reaction and also to the cfficiency of production. E.g. rolled targets have to be preferred to vapour
condenscd ones, where possible. The cxperimenter’s requirements related to reactions induced both by light-
and hecavy ions will be reviewed and discussed.

CB 6 Description of the Argonne National Laboratory Target Making Facility. G. E. THOMAS, Argonne Nanonal Laboratory. 125 min.

SESSION CC: ION IMPLANTATION
Monday evening, S November 1990; Union Building, Room 410 at 19:00;
G. M. Klody, National Electrostatics Corporation, presiding -

CC 1 Void Volume Reduction in Surface Films During Ion-Beam Assisted Deposition.
T. D. ANDREADIS,* Naval Research Laboratory. (20 min.)

A collision cascade model is presented ¢f the reduction of void volume by incident
energetic ions during Ion Beam Assisted Deposition (IBAD)of thin films. Reduction of void
volume is of interest since it is accompanied by increased stability of the deposited
film. Sinmulations were made for Ge deposition under Ar ion bombardment using the binary
~nllision cascade code MARLOWE with realistic void-size distributions. MARLOWE is used to
¢ ‘tain void volume loss as a function of void depth in the deposited film. This
information is used to analytically obtain the ratio of ion beam to vapor atom arrival
ratio that yields full densification. The fate of residual interstitials and vacancies has
been taken into account.

*co-author: Mervine Rosen, Naval Research Laboratory, Washington, DC, 20375-5000.

CC 2 Corrosion Protection by Ion-Beam Assisted Coatings.
W. ENSINGER, University of Heidelberg, Federal Republic of Germany. (20 min.)

Coatings prepared using ions with high energies are becoming increasing interesting for applica-
tion in the field of corrosion. Irradiation with ions with energies up ts some ten keV combined
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with evaporation or sputter deposition leads to coatings with special properties which are often
superior to thase obtained by other techniques. High adhesion and low microporosity are of par-

ticular importunce for prevention of corrosive attack. Ion beam assisted deposition offers some

further advantages such as the low process temperature (typically below 200° C) which is impor-

tant for substrates which undergo undesired phase changes at high temperatures or the high fle-

xibility of the process which permits deposition of multilayers and tailoring the interface be-

tween coating and substrate. Elemental coatings such as Al, Ti, Ta and i-C and compound coatings
such as nitrides and carbides of Ti and Cr were deposited on iron and steel substrates. Results

of electrochemical and immersion corrosion tests in aqueous media like seawater, acetate buffer

and dilute acids will be presented and discussed in terms of coating process parameters.

CC 3 Analysis of Porous Silicon-on-Insulator Material.* L. G. EARWAKER, Unuemity of Birmingham, England. (20 min.}

Silicon-on~Insulator materials are being used in the development of radiation hard VLSI circuits and one
promising route is the use of porous silicon. Porous silicon is produced by electrochemically etching selected
regions of silicon wafers to produce volumes of highly reactive porous silicon which can easily be converted to
dielectric oxide o~ conducting metal or silicide. This is a collaborative programme involving also the Royal
Signals and Radar Establishment, Imperial College, Queen Mary and Westfield College and Liverpool University.
We have used accelerator-based techniques to study the behaviour of porous silicon under a range of
conditions. Results will be presentded on the pick-up and removal on annealing of carbon and of methods of
minimising carbon inclusion during transport. Oxidation behaviour as a function of temperature and different
annealing conditions will be presented. Fluorine, which has been reported to improve radiation hardness, has
been implanted into porous silicon and is seen to be very mobile even at low temperatures.  Finally,
preliminary results on metallisation of porous silicon will be presented.

*Supported by IED1625 through the Science and Engineering Research Council,
Associated workers, M C ,Briggs, J P G Farr, J M Keen and M 1 Nasir.

CC 4 Effects of Rapid, High-Dose, Elevated Temperature Ion Implantation on the Microstructure and Tribology of Ferrous Surfaces.*
D. L. WILLTAMSON, Colorado School of Mines. (5 min.} (Invited Poster Paper. Sce Poster Display PB’ 6)

High current density, broad-beanm ion 1mplancationl at 60 keV produces elevated target
tenperatures that can be controlled by shuttering and variations in therpal contact
resistance. Target temperatures near 400 C and above yield unesusl near-surface
nicrostructures for nitrogen ion implantation into ferrite (pure iron) and austenite
(AISI 304 and 310 stainless steels) as determined by conversion electron Mossbauer
spectroscopy, x-ray diffraction and Auger electron depth ptofilingz’3. Approprizte
microstructures produce dramatic 1np£ovements in sliding wear as charescterxized by an
oscillating pin-on-disc tribo-tester 23, Oxygen and carbon ion implantation under
sinilar conditions is also under investigation.

*Supported by the National Science Foundation.

1. P.J. Wilbur, R. Wel and W.S. Sampath, Mater. Sci. Engr. All6, 215 (1989).

2. D.L. Williamson, Y{ Qu, R. Wei, W.S. Sampath and P.J. Wilbur, Mater. Res. Scec.
Symp. Proc. 128, 409 (1989).

3. D.L. Williamson, Li Wang, R. Wei and P.J. Wilbur, Mater. Lett. (in press).

4. K. Wei, P.J. Wilbur, W.S. Sampath, D.L. Williamson, ¥i Qu and Li Wang, J. Tribology
112, 27 (1990).

5. R. Wei, P.J. Wilbur, W.S. Sampath, D.L. Williamson and Li Wang, J. Lubr. Technol.
(in press).

CC 5 Ion Implantation of Polymers for Electrical Conductivity Enhancement.
L. B. BRIDWELL, South:west Missouri State University, Springfield. (20 min.)

CC 6 Metal Ton Implantation into M5S0 and T1 Bearing Steels for Improved Corrosion Resistance.
B. R. NIELSEN, Danfysik A/S, Denmark. {20 min.)

CC 7 The Performance of Ion-Assisted Diamondlike Carbon Coatings. G. DEARNALEY, Harwell Laboratory, Englard. \20 min.;
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SESSION CD: ACCELERATOR TECHNOLOGY
Monday evening, 5 November 1990; Union Building, Room 412 at 19:00;
J. W. Butler, Naval Research Laboratory, presiding

CD 1 A High Stopping Power, Segmented Bragg Curve Spectrometer for Heavy-Ion Detection.®
A.D.FRAWLEY, Florida State University. (20 min.)

A large acceptance, high stopping power, Bragg curve spectrometer has been
developed for use in coincidence experiments with heavy ions. The electron
collection fields are radial and position information is obtained from a
resistive anode. The detector is 60 cr deep and operates at pressures of up to
2.5 atm of P-10 gas, giving it the ability to stop 12 MeV/u “He ions. The
maximum acceptance is 77 msr. The radial electron collection fields allow a
segnented anode to be used, so that multiple hits from the same nuclear reaction
can be separated. The detector is mated to a scattering chamber which allows it
to cover all angles within a 60° half-angle cone centered on the beam axis.
Considerable expzrience has been accunulated with an unsegmented anode, and the
construction of an anode segmented into nine strips is underway. Factors
limiting the performance of the detector will be discussed, and results
presented.

#Supported by the National Science Foundation.

CD 2 Application of Mass and Encrgy Dispersive Recoil Spectrometry in Some Industry Related Studies: Oil Additive Tribology and
Optical Coating Diagnostics. H.J. WHITLOW, The Royal Instiiute of Technology, Sweden. (20 min.)

CD 3 Some Recent Silicon Detector Spectroscopy Applications at LBL. J. T. WALTON, Lawrence Berkeley Laboratory. (20 min.)

The development and fabrication of specialized silicon detectors have long been an integral part of the LBL expenmental
capabilities This silicon detector expertise utilizes two technologies, oxide-passivated diffused junction and hithium-ton
compensation. These technologies are complementary, with detectors of 10 um to 500 um thick fabncated using the
diffused-junction process and detectors 500 pm to 10,000 pm using the lithium-ion technique. Particle spectroscopy
applications at LBL typically employ a thin diffused, AE, detector followed by a thick lithium compensated, E, detector.
Novel position-sensitive AE and E detectors recently employed in two separaie experiments conducted at LBL are
d-scribed. In addition the requirements for employing thick lithium-compensated detectors in an ongoing LBL double
beta decay experiment and a proposed LBL dark matter search are also presented. Future expectauons for siicon detector
capabilities are briefly outlined.

CD 4 Heavy-Ion Storage Ring for Atomic Physics Vacuum Test Stand for Pressures of 10”2 Torr.*
J. W.JOHNSON, Oak Ridge National Laboratory. (20 min.)

A vacuum test stand has been constructed and operated to test components and procedures to achieve pressures of 10-12 Torr. The 3.5
m-long test stand fabricated from 10-cm-diam components, with 316 LN stainless-stecl flanges, approximately models 1/16 of the
vacuum chamber for HISTRAP (Hceavy Ion Storage Ring for Atomic Physics), a proposed synchrotron/cooles/storage nng accelerator
optisnized for advanced atomic physics research. The storage ring requires a vacuum of 10-12 Torr to munumize losses of highly charged,
very heavy ions decelerated to low energies. Prior to assembly, the components were vacuum fired at 950°C at <10~ Torr. The test
stand is bakable in siru at 300°C. Pressure is measured with two extractor ion gauges and a 10-14 parual pressure residual gas analyzer.
Rough pumping is by cryosorption pumps followed by a cryopump. Final pumping is by two 7504/s uianium sublimauon pumps and
one 60¢/sion pump. A pressurc of 4X10-12 Tor has been achieved.

*This research was sponsored by the U.S Department of Energy under Contract No. DE-AC05-840R21400 with Marun Manectia
Energy Systems, Inc.

1Co Investigators are W. H. Atkins, D. T. Dowling, J. W. McConnell, W. T. Milner, and D, K. Olsen.

CD 5 Accelerator Development and New Ventures for Grumman, R. BOTWIN, Grumman Space Systems. (20 mun.)

Gruzman is preparing for tomorrow's world of accelezators. Significant opportunities are
forseen for particle accelerators in nilitary scientific and industrial applications. Our
work encompasses accelerator design, manufacture of coxzponents, and the design of construction
of major test facilities for military space accelerators.

In the field of military accelerators Gruzman is the principal industrial contractor for
developzent of the U.S. Army's neutral particle beam accelerator for the Strategic Defense
Initiative (SDI) program. In civilian applications our interests include high-energy physics
research accelerators such as the Superconducting Supercollier (SSC) and Relativistic Heavy
Ion Collider (RHIC), accelerators for medical diagnosis and therapy, and accelerators for
materials production and lithography.

At Grumman's accelerator technology laboratory in Bethpage, New York, wide-ranging
development is in progress on such areas as: Automatic control of ion sources of hizh
brightness; High-precision emittance measurements; High-power continuous wave (CW), radio
frequency (RF) drive looops and cavities (RF Quadrupoles, Drift Tube Linacs, and
Coupled-Cavity Linacs); RF Quadrupole stabilization techniques; and High-gradient accelerators.
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Much of this work is being done in ccllaboration with the national laboaratories. For
example, the world*'s first space-qualified accelerator, successfully operated in space in
1989, was jointly designed by the Los Alamos Hational Laboratory and Grumzan enginzers and
fabricated by Grumaan.

Looking toward the future, we are convinced that the compact, high-power accelerator will
continue to evolve into a scientific/medical tooli as significant as the laser has proved to
be. Gruszman's objective is to be a leader in the developzent and production of the
accelerators that will serve these anticipated needs.

CD 6 Undergraduate Research and Teaching with a Small Tandem Accelerator. F. D. CORRELL, U.S. Yairal Academ;.® 20 min.,

The U.S. Naval Academy has recently installed an NEC model 5SDH tandem aveclerator, pnmaniy to support undergraduate
student independent rescanch and several laboratory vowrses. The awelertor system presendy mncludes the 1.7-MV awelerator, an
NEC Alphatruss iui suutie, and une locally vonstruvtes, =, opumped beamline with a general purpose svattening chamber and an
extemal Seam un milliprube. The milliprobe was designed aud construvtad as pant of unc student honors rescarch pruject, and wili
be u.ed in another to study archeological samples by in air PZIXE. The laboratory was first used this Sprning in a semior-level
auclews physins wurse w demunsiraie inclastiv scattenng of protons from 12C, further expenments on Rutherford scauenag, wit

cmphasis un both the basic prinviples and on applivativns to matenials analy.is, are planned. This Fall, the j2boratory will be ased
in a junior-level modemn physics course to demonstrate Moscley's Law and the principles of PIXE analysis.

*James R. Huddle, Jeff Vanhoy, and J.M. Anthony have also made essential contnbutiuns tw the develepment of the awclerator
laboratory and of the projects described herein.

SESSION CE: SINGLE-EVENT UPSETS
Menday evening, 5 November 1990; Union Building, Golden Eagle Suite A at 19:00;
W..». Stapor, Naval Research Laboratory, presiding

CE 1 History and Overview of Microelectronic Single-Event Upset in Space. J. C. PICKEL, S-CUBED. 25 mn.}

As . roelectronic feature size continued to decrease m the m.J-severnites to allow for sugher curcus. densty, a threshoid
was pas.e for a new radiation effect that of single event upset (SEU]. The effect 15 & consequence of the smaller
quantty of electronic charge used to :epresent information mn digital circutry. When this charge became comparable to
the charge that could be generated by a single energetic on in the cosmic ray environme 1t of space, the e:ra of SEU
concern began The predominant effect of SEU s loss of information stored in a memory cofl, with no permanent
damage. Nonetheless, the scrambling of data in space-borme compuier memones continues « be cause for concem
among space system designers and users, with problems ranging from nuisance leveis of memory rese. by ground
wontrol te loss of mission due to faulty instructions from a corrupted space computer memory. To a resser extent,
permanent damage effects can occur, such as transistor bumout due to a single ion. Such permanent damage S
ntolerabie i spece systems. Ar overview of single event phenomena and a histonica perspective of the devetopments
in sing'e e.ent radiation effects research vl be given. Speculzation will be made on future trends.

CE 2 Charge Collection in Semiconductors—A Fundamental Process for Single Events.
A. R. KNUDSON, Naral Rescarck Laboratory. 125 min.)

Charge from the icnization track of an energetic ion penetrating a semiconductor device can
be collected at sensitive .:odes by drift, diffusion, anc funneling processes and may result
in a change of state of a memory cell or logic latch. This review will describe neasurezents
of both the total apount of charge collected and the tize dependence of the charge collection
process in varicus test devices and in both bipolar and fieid effect transistors. lons (2=2
to 35) in the energy range form 1 to 70 MeV as well as focussed light from pulsed picosecond
lasers have been used to produce charge in these devices. The results of conmputer
sinulations of the charge collection process will also be presented.

CE 3 A Proton Beam Facility for Single-Event Research.® K. M. MURRAY, KM Screnzes. 125 mind

We describe a charced particle (Z=1 or 2) radlation system developed
jointly by KM Scienzes, The Naval Research Laboratory, and The
Crocker Nuclear Labsratory. The systenm is used primarily to simulate
the space environmentcl! orotuns and other charxged particles with
energles from 10 to 70 MeV. These particles in turn produce single
events in devices being tested. The system provides a highly
reproducible beam combined with preclise dosimetric measureoment

and control to better than 2% for fluxes from le8 to lel2 particles
per square cm. The system can also provide chopped single pulses
with durations from 0.1 to 10 scconds at Intensities up to Jelil
particles per sguare cm per second.

*Supported under Contract Nc. :§00014-89-C-2113

Additional contributors to this work are:

C. CASTENEDA, Crocker Nuclear Laboratory, University of Callifornie,
Davis, CA.

W. STAPOR, U. S§. Naval Research Laboratory, Washington, DC.
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CE 4 Heavy-Ion Beams for Single-Event Research at Brookhaven—Present and Future.*
P. THIEBERGER, Brookhaven National Laboratory. (25 min.)

Since low energy nuclear physics research was discontinued at Brookhaven and reriaced by a relativistic
heavy lon program, large blocks of time became available at the Tandem Van de Graaff Facility for
technological applications and for research in other areas., The main technological application has
been the single event upset (SEU) testing of microelectronic devices and this activity has been steadily
increasing over the last few years, The ion beam requirements for this type of work are discussed and
a description is given of methods ugsed for satisfying these requirements at the Brookhaven facility.
Available fon species, energies, ranges, LETs and beam intensitles, purity and uniformity are discussed
in detail, Characteristics are summarized of a sophisticated and extremely user friendly test chamber
and associated hardware and software installed at Brookhaven by a coalition of government agencies and
made avajlable for general use. The possibility is mentioned of extending SEU testing to higher
energles by using heavy ion beams from a Booster synchrotron now under construction and/or from the
existing large alternating gradient synchrotron (AGS5). Finally a brief discussion is glven of compati-
bility with other programs and of future availability of low and high energy heavy ions for SEU testing
at Brookhaven,

*

Supported by the U,S, Department of Energy under Contract f#DE~AC02-76CHO0016, and an interagency agree-
ment with NASA-Goddard Space Flight Center (GSFC), Naval Research Laboratory {NRL), National Security
Agency (NSA), 'United States Army Strategic Defense Command (USASDC).

CE 5 Single-Event Effects Experiments Using Heavy-Ion Accelerators,*
F. W.SEXTON, Sandia National Laboratories, Albuquerque. (25 min.)

Electronics incorporated into spacecraft subsystems encounter a hostile environment that can
threaten spacecraft snrvival, In particular, heavy-ion strikes from galactic cosmic rays, solar
flares, and the earth's radiation belts can alter critical data or destroy key components,
resulting in loss of mission. This paper will address several specific topics in single event
effects, SEE, First, a discussion of how heavy-ion strikes effect integrated circuits will be
presented with examples of specific failure mechanisms such as soft and hard errors, power
transistor burnov*, and latchup. This will be followed by a discussion of how SEE
experiments are performed and requisite accelerator characteristics. Energies in the 1 to 10
MeV per nucleon are typically required. However, relativistic beams with GeV/nucleon
energies are required for edge-on strikes, characterization of space-based sensors, and the
study of dE/dx films, Finally, the application of ion microprobes for detailed analysis of IC
response will be discussed,

* This work supported by the U.S. D¢partment of Energy through contract number DE-
AC04-76DP00789.

CE 6 Single-Event Effects Rate Predictions in Space. JOHN R. LETAW, Severn Communications Corporation. (25 min.)

Computational methods for estimating single event error rates in space are reviewed. Single event effects
are a source of error in spacecraft microelectronics caused by the passage of high-energy charged particles
such as cosmic rays. These one- or few-bit errors may cause data loss or system malfunctions without any
permanent damage to the device. Designers must be assured that errors fall below tolerable limits for
their mission. Susceptibility of microelectronic devices is characterized by exposure to proton and heavy
ion beams in laboratory facilities. The behavior of devices in space is generally estimated using
computational models in conjunction with the accelerator data. Models of the space radiation
environment include the CREME (Cosmic Ray Effects on Microclectronics) model of the galactic cosmic
ray environment, the AP-8 trapped proton model, and various models of solar flare events. Radiation
transport codes determine changes in the radiation environment after passage through the Earths
magnetic field and spacecraft structural materials. Semiconductor device models are used to convert
particle fluxes into error rates.

SESSION PA: POSTER SESSION: ATOMIC PHYSICS
AND RELATED PHENOMENA,

ENERGY LOSS, NUCLEAR PHYSICS

Monday evening, 5 November 1990

Physics Bldg., 1st and 2rd Flrs,, at 19:00

PA L Reduced Error in 0y via Nuclear-Coulomb Excited
Absolute Detector Efficiency Normalization for Targets with Z=29-79,

RMEHTA', G.BISSINGER and JJOYCE, East Carolina_U. - Incident
proton (1-3 MeV) and helium ion (2-4.5 MeV) excited K x-rays in targets
of copper, silver, gold, and dysprosium (natural Dy and isotopic "“'Dy
enriched) were measured with a HpGe detector (3-200 keV range). The
largest error in Oy was in determiniag the absolute detector efficiency.
The 438 keV gamma ray from nudear-coulomb-exciied *Dy, in
combination with an RDE curve, provided absolute detevilon efficency
for the entire photon energy range. The absolute production cross section

Vol. 35, No. 8 (1990)

were determined by normalizing the K x-ray yizlds to the integrated
incider.c beam flux, Rutherford scattered ions and 43.8 keV gamma ray
yield in the case of Dy targets. The multiple normalization technique
reduced the overall errors and allowed for checking the consistency
among the various normalization methods.

‘Present Address: U. Central Arkansas, Conway, AR 72032.

PA2 Angular Dependence of Thick-Target
Bremsstrahlung, RAJ AMBROSE, D.L. KAHLER,

H.E. LEHTIHET and C.A. QUARLES, Texas Chris-
tian U.* Bremsstrahlung spectra are obtained
for th..k targets of various Z values using a
monoenergetic electron beam. Comparisons will
be made between experiment and theory for the
vields of the spectra collected. The theory
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is determined by using a simple model which
employs a theoretical bremsstrahlung cros.
section integrated over the target thickness.
The model takes into account electron energy
losses and photon attenuation within the
target material using tabulated coefficients.
It is also intended to investigate the angu-
lar dependence of the bremsstrahlung energy
distributiun focusing on a comparison of
this dependence between thin and thick tar-
gets, The bremsstrahlung produced at various
angles to the incident electron beam is col-
limated and detected by two hpGe detectors.
Results will be presented for incident elec-
tron energies from 50 to 100 keV.

¥ Supported by the Welch Foundation.

PA3 Atomic-field Bremsstrahlung at Zero
Degrees, RAJ AMBROSE, D.L. KAHLER, H.E. LEH-
TIHET and C.A. QUARLES, Texas Christian U.*¥--
Bremgstrahlung spectra have been measured for
the elements Ag, Te, Tb, Au and U at zero
degree photon emission angle with a 100 keV
electron beam. The beam was deflected away
from the detector by a magnet; however, the
dispersion of the electron beam in the target
created a background that cannot be subtract-
ed out easily. Hence an alternate approach to
magnetic deflection is to _top the beam com-
pletely by adding a carbon backing to the
thin-film target. The thick-target brems-
strahlung from the low-Z backing, which de-
creases linearly to zero at the end point,
can be subtracted out, and reliable estimates
of the cross section can be made. Preliminary
investigations show that this method can be
used to study a region of about 10 to 15 keVv
near the endpoint. Results will be presented
for various elements from Ag to U for 50-100
keV incident electron energies.

*Supported by the Welch Foundation.

PA4 pesign of a Versatile Pressure Control

System for Gas Targets j on-Atom_Collision
studies, S. FUELLING and R. BRUCH, University
of Nevada, Reno. -- For absolute cross section
measurenen‘s, the gas pressure inside a
differentially pumped target cell or jet has
to be known accurately a‘d kept constant
during the collision experim. nt. Therefore, a
sophisticated electronic feed-~back control
system has been developed, which consists of a
time response optimized feed-back controlier
wiich uses the output of an electronic
wmanometer, As pressi.re senscer a Datametrics
absolute Barocel was used. The gas flow was
regulated via a Veeco PV10 piezo electric
valve. A typical pressure range is 1 mTorr -
10 Torr, depending on type of sensor and
application.

*Work supported in part by Hewlett Packard,
Xerox Corp. and Dentley Nevada Corp.

PA S S e S ss ons
=EXC i i fast H'
+ e Co s onss - denc: S.

4

FUELLING, LIU, BRUCH,  University of
ngg_gL_Bgn_ E. TRABERT, Harvaxd Smithsonian
Center for Astrophysics, P. H. HECKMANN,
Univexsity of Bochum. Gexrmany. -- We report
high resolution EUV measurements of absolute
ionization-excitation emission cross sections
in the He' Lyman series (np -> 18) for n=2 to
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5 following 0.83-2.3 MeV/u H' and c® impact on
He gas'. The experiment was performed at the
Bochum Dynamitron Tandem Laboratory (DTL).
These cross sections were placed on an absolu-
te scale by additional studies of electron and
proton j .act cross sections carried out at
the Uni sity of Nevada, Reno. Slmultaneous
ionizati plus excitation of He (1s?) is of
fundamen..al importance because it reveals the
dynamic aspect of electron correlation due to
the Coulomb interaction between the two target
electrons and the fast moving projectile ion.
It appears that the projectile charge state
dependence of the derived cross sections is
proportional to 2> in the energy range used.
(1) E. Trabert, B. H. Heckmann, R. Bruch and
S. Fuelling, Nucl. Instr. Meth. B23, 151
(1987)

PA 6 Ahsolute State ;e;ect;ve Cross Sections

o cit q Io lus Excitat o
of Helium 13 H' + He, H{ + He and H,' He
colli§ions. S. FUELLING, . BRUCH, niversitz

’ E. TRABERT, Harvard
it son an Ce te strophysics, P. H.
HECKMANN, versi o Q Germany. -~ We

present absolute photon emission cross
sections for the production of He*(np) and He
(1snp)'P° states following 50 keV/u to 500
kev/u H', H,' and H;" ion impact on He.
Experimontally we have measured the extreme
ultraviolet (EUV) spectta associated with the
HeI(lsn?) 1p® =5 (1s?)'s + hv and the HeII (np)?p°
=> (18)‘S + hv electric dipole transitions by
means of a 1.5 m grazing incidence
monochromator. This study has been performed
using the Reno 2 MV Van de Graaff accelerator.
The present results have been placed on an
absolute scale by Hell L, produced in 300 eV e’
+ He collisions. Furthermore the detection
efficiency of our -monochromator has been
determined by comparing 1 MeV C' + Ne spectra
from Reno and Bochum'.
(1) E. Trabert, P. H. Heckmann, R. Bruch and
S. Fuelling, Nucl. Instr. Meth. B23, 151
(1987)

PA7 petection of Long-Lived Highly Excitcd Ions
by Means of Charge-Stripping Processes.

E. KAMBER, Western  Michigan University,
Kalamazoo, MI, USA.

See Session Number: GE 8

PA8 Ion Trap Measurement of U X-Ray Transition
Spectra.

N.K. DEL GRANDE, lawrence Livermore National
Laboratory, Livermore, England.

See Session Number: JD 5

PA9 A High Resolution Study of the Extrenme
ltra t_Spect: of by Fast Proton_and

2
Electron Impact, M. BAILEY, S. FUELLING, R.
BRUCH, University of Nevada, Reno. =-- High

resolution EUV spectra induced by 100 - 1500
keV proton and 100 - 1000 eV electron impact
on molecular nitrogen were studied in the
spectral region from 20 to 90 nm. A mass and
momentum analyzed proton beam from the
University of Nevada, Reno 2 MV Van de Graaff
accelerator was collimated and passed through
a differentially pumped gas cell. The radia-
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tion resulting from H' impact was observed at
an angle of 90° to the beam direction and
wavelength dispersion was accomplished through
a 1.5 m grazing incidence monochromator. The
present work includes EUV emission studies of
atomic and molecular nitrogen as well as

e” + He data to place our emission yields on an
absolute scale.

*Work supported by Research Corporation,
Edwards High Vacuum International, Kinetic-
Systems and Acton Research Corporation.

PA 10 Angular Distribution of Decay Products in
Resonant Processes.
Y. HAHN, University of Connecticut, Storrs, CT.

See Session Number: IC 6

PA 11 Total Charge Transfer Cross Sections for
100-1500 keV Multiply Charged Carbon,
itro [o] ons Collisions with
seous He el Targets, M. ROTTMANN,
R. BRUCH, \Z ty o o, R. D.

DuB0OIS, L. H. TOBUREN, c fe) west
. =~ Absolute measurements of charge
transfer cross sections for c¥, N% and o%
(¢ = 1-3) ion impact on He, Ne and H,0 are
presented as a function of the projectile
energy, mass and charge state. The experi-
mental results are compared with earlier work.
*This work was supported in part by the
Office of Health and Environmental Research,
U.S. Department of Energy Contract No. DE-
ACO6-76RLO 1830.

PA 12 The Intensity Distribution of lon-Induced KoL" X-F
Satellites_and the Geometrical Model. B. SULIK and 1. TOR(
Institute of Nuclear Research of the Hungarian Academy of Scien
Debrecen, Hungary*, A. AGOSTON, BIOGAL Pharmaceutit
Works, Debrecen, Hungary - - Light element (Mg, Al, 5i, Ca,
KaL" x-ray satellites have been measured by a crystal spectro
ter. The x-rays were induced by p and He* bombardment at sevt
energies. Additional data have been collected from the literature ¢
ering a wide energy range and also for other bombarding particles
some cases more than two orders of magnitude of projectile energ
covered. Using the experimental data diagrams were constructec
show, how the different satellite lines shared in the total K« intens
The predictions of the geometrical model’ are compared to these
agrams. These comparisons help to improve the model calculatio:
* Supported by OTKA-grant No. 1184-1185.
1 B. Sulik, I. Kédér, S. Ricz, D. Varga, J. Végh, G. Hock and

D. Berényi, Nucl Instrum. Meth. B28,509(1987).

PA 13 MULTIPLE COLLISION ANALYSIS OF CHARACTER-
ISTIC X-RAYS FROM 50-600 keV ARGON STOPPING IN
Mg, Al, and Si.* Sam J. Cipolla, Creighton U.
--- Thick target analysis has been used to
obtain Ar-L xZray and target K-vacancy product-
ion cross sections for these collision systems.
Assuming Ar L vacancy equilibrium, the data
have been rendered to yield information on the
L-vacancy lifetime and fluorescence yield. The
results will be compared and discussed in
relation to the dependence on projectile energy
and target atomic number.
*Hork performed at the U, of Nebraska-Lincoln
and supported by NSF Grant PHY-8401328.
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PA 14
K-x-ray cross sections by proton bombardment E.ROSATO,
Phys, Dept.. Un, of Napoli (Italy)---Proton-induced K-x-ray cross

sections (Ogy) are presented for all Z=4+92 elements over a wide

bombarding energy range. The Oy values are derived by performing

fit in terms of weighted orthonormal polynomials to almost all the
measurements available from the literature (at present the data base

includes more than 4500 points). Original oy points are carefully

screened to ascertain their precisioin and accuracy and to check
statistical compatibility among measurements from various authors
and/or different techniques. Experimental data are also grouped in

intervals of suitable width for reducing bias in favour of mostly
measured elements and washing out unavoidable fluctuations. Several

methods are discussed for combining incompatible gy and removing

statistical inconsistencies both on a focal and a global basis. The ogx

estimates are precise and accurate and their uncentainties are noticeably
smaller than the errors of any single measurements. Therefore, they
could be profitably used for PIXE analysis, calibrating x-ray detectors
and testing theoretical models of inner-shell iomzation. Present results
are compared to empirical and analyucal cross section formulae.

PA15 Increased  Binding . Effects  in
L=Suhshell Ionization of Nd, Gd, and Er
L.A. Rayburn#*, Departmant
Physics,
L-subshell
Nd, Gd,
2.0 MaV)
MeV)

x-ray production cross sections
and Er for incident deuterons (0.402
and alpha particlas (8.60 to 2
were measured using standard techniqu

It is pomsible to isoixte two effec
Coulomb~-daflaection and increased-binding (wh,
ara@ part of the Paerturbed Stationary gta
(PS8) thecretical treatment of this phenomen
by farming ratios of the production cf

sections for egqual velocity pairs of particl
The PS8 theary provides a good fit to
experimental results for the Coulomb~deflect
effect for all three subshells for these s
threa eslements=; howaver, it does not provid
good fit for the increased-binding effect.

* W. Brandt and 6. Lapicki, Phys. Rev. A
465(1979).

= L.A. Rayburn, Nucl. Instr. and Me
BaQ/41(1989) 113,

#Retired:Present addresg: 231 Whittier La

Oliver Springs,TN 37848,USA.

PA 16 K-Shell X-Ray Production Cross Sections in C, 0, JF, 108, 55Mg,
and Al for 0.75 to 5 MeV H and Li lons. Y.C. YUS MR. MCNEIR ' D.L.
WEATHERS, J.L. DUGGAN, AND F.D. MCDANIEL, Dept. of Physics,
University of North Texas, Denton, TX 76203, USA, and G. LAPICKI, Dep:.
of Physics, East Carolina Umversity, Greenville. NC 27858, USA.~-K -shell x-
ray production cross sections are reported for elements with K-shell x-ray
energies between 282 ¢V (C) and 1487 eV (Al). X-ray measurements were
made with a Link Analytical windowless Si(L1) x-ray detector. The Si(L1)
detector was calibrated for efficiency by comparing atomic-field
bremsstrahlung spectra fromn electron bombardment of thin foils with true
bremsstrahlung spectral distributions which are kpown to 5%.. X-ray
production cross sections are compared to first Born® and ECPSSR® theories
for direct jonization (DI) and electron capture (EC).

Work supported in part by the State of Texas Coorcinating Board, the Robert
A Welch Foundation, the NSF, the ONR, Texas Instruments Inc., Texas
Utilities Electric Co., and International Digital Modeling Corp.

}.%Ig;,ssel, C A Quarles, and R H. Pratt, At. Data Nucl. Data Tabies 28, 381
§PWBA for DI and OBK for EC.

W. Brandt and G. Lapicki, Phys. Rev, A23, 1717 (1981 for DI and G.
Lapicki and F.D. McDaniel, Phys. Rev. A22, 1896 (1980), A23,975(1981) for
EC. ECPSSR = Energy loss and Coulomb deflection effects, Perturbed
Stationary State approximation with Relativistic effects.
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PA-17 Measurement of the Ratio of Ly y/L; Jonization by
Fast Usavy Projectiles.* TOM J. GRAY and NABIL MALHI,
Jame R acdonald Lab Kansas tate nivexsit

Manhattan, KS--We have measured the ratio of the X-ray
production cross sections for the Lay , (L IIX subshell)
and Ly, 3 () (L I subshell) for H, Li, Be, B, C, N, 0, F
and Ry ions over an incident velocity range of 0.5 to 3.0
MeV, amu. Qur results strongly suggest that distortion
effects in the entrance channel should be considered in
describing inner shell ionization by heavy projectiles.
Specifically, the ratio, OLay 2/‘71.123 ©’ is a strong

function of the projectile, 2. Multiple ionization
effects cannot explain the measured variations in this
ratio as a function of Z,. Current theoretical
descriptions such as the EGCPSSR! model are not in
agreement with our measurements.

* Supported by the Division of Chemical Sciences, Office
of Basic Energy Sciences, Office of Energy Research, U.S.
Department of Encrgy.

1 4. Brandt and G. Lapicki, Phys. Rev. A 23, 1717 (1981),

PA 18 L-Shell X-Ray Production Cross Sections in Fe,

and 5,Ge for 0.75 to 5 MeV H and Li Tons. M.R. M(.zNElR Sy A
WEATHERS, J.L. DUGGAN, AND F.D. MCDANIEL, Depi of Phy
Umiversity of North Texas, Demon. TX 76203, US4, and G LAPICKI, D
of Physics, East Carolina University, Greenville, NC 27858, US 4 --L-shel
ray production cross secticns are reported for elements with L-shell x-
energies between 303 eV (Ca) and 1216 eV (Ge) X-ray measurements v
made with a Link Analytical windowless Si(Li) x-ray detector The Si
detector was calibrated for efficiency by comparing atomic-f
bremsstrahlung spectra from electron bombardment of thin foils with 1
bremsstrahlung spcctral distributions which are kpown to 5%} X-
product:on cross sections are compared to first Born? and ECPSSR? theo
for direct ionization (DI) and electron capture (EC).

*Work supported in part by the State of Texas Coordinating Board, the Rol
A. Welch Foundation, the NSF, the ONR, Texas Instruments lnc Te
Unhues Electric Co., and Internationas ngnal Modeling Corp.

L. Kessel, C.A. Quarles, and R.H Pratt, At. Data Nucl, Data Tables 28,

1983).

PWBA for DI and OBK for EC.

3\. Brandt and G. Lapicki, Phys. Rev. A23, 1717 (1981) for DI and
Lapicki and F.D, McDaniel, Phys. Rev. A22, 1896(1980), A23,975(1981)
EC. ECPSSR = Energy loss and Coulomb deflection effects, Perturl
Stationary State approximation with Relativistic effects.

PA 19 High-Resolution Heavy-Ion-Induced X.ray Satellite Emission Sludg
of Implanted Sulfur as a Probe of Co-Implanted Oxygen in an Oxide Matrix,
T. M. Rosseel, J. P. Young, C. R. Vane,, R. A. Zuhr, Qak Ridge National

Laboratory and R. S. Peterson, Department of Physics, University of the
South.-- A scrics of quai.z glass targets have been implanted to a depth of 90
nm with approximately equal doscs of 70 keV sulfur and 35 keV oxygen ions
ranging from 0.5 to 10 x 16/%m? at the ORNL Surface Modification and
Characterization Facility. Using high-resolution measurements, the relative
fluorescence yields of the sulfur KL” X-ray satellite lines, produced by the
excitation with 24 McV Si ions extracted from the ORNL EN-Tandem, have
been determined and compared to a scries of quartz glass targets implanted
with sulfur only. The aata exhibit lower yields for the co-implanted oxygen
samples but similar dose dependent curves. These results are consistent with
oxygen tncreasing the valence electron density of the tocal sulfur environment.
It also suggests that, with the apprcpriate choice of a probe 10n, HIXSE may
be capable of detecting a wide range of impurity ions including cven oxygen in
oxide substrates.

*Rescarch sponsored by the U. S. Department of Encrgy, Office of Encrgy
Research, under contract DE-ACO5-840R21400 with Martin Marictta Encrgy
Systems, Inc.

PA 20 Z-Dependence of K-Shell Ionization at 30 HcV/amx.*
V HORVAT, R L. WATSON, G. SAMPOLL, and T. LOTZE, Texas
A&M Upiversity. -- The projectile and target 2-
dependences of K-shell ionization by fast projectiles are
being investigated via K x-ray measurements, Thin
targets of elements ranging from Al to Zn are bombarded
with a variety of 30 MeV/amu ion beams ranging from
protons to Ar and the spectra of target K x-rays axe
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observed with an Si(Li) detector. Absolute cross section
measurements are performed for Cu by detecting the
projectile ions directly in a surface barrier or
microchannel plate detector placed immediately behind the
target and recording the x-rays in coincidence with the
particles. Cross sections for the other elements are
made relative to those determined for Cu. One of the
main objectives of these experiments is to test the
projectile Z-dependence of K-shell jonization for
projectile to K-electron velocity ratios spanning the
region from 1.31 to 3.25.

*ork supported by the Division of Chemical Sciences of
the U.S. Department of Energy and the Robert A. Welch
Foundation.

PA 21 The availability of the L,L;M, Coster-
Kronig_ Transition at 2 = 93 2N 3OHNSTON,

Royal Melbourne Institute of Technology
The availability of L,L;M, at 2=93 is of

interest as a test of relativistic
calculations of Coster-Kronig electron
gnergies. In addition2 the low energy pgg on
intensity standard, Am, decays to

producing neptunlum L X-rays. This decay 1s
complex and atomic branching processes play an
important part in final balancing of the decay

scheme. In the ggisent work 59 us:.ng proton
ionisation of U and Ut targets,
systematic behaviour of 1om.sat10n cross-

sections and atomic branching ratios indicate
LyLyM, is energetlcally available, contrary to
relat:.v:.stlc theory.

PA 22 Photoion Auger-Electron Coincidence
Measurements Near Threshold
J.C. LEVIN, University of Tennessee, Knoxville

and Oak Ridge National Laboratory, Knoxville, TN.
See Session Number: FA 7

PA 23 Low
Protons
H. CRANELL, California Institute of Technology,
Pasadena, CA, USA.

Momentum Electron Scattering fron

See Session Number: BB 6

PA 24 Electron Energy Distributions in Multiply
Ionizing Collisions, Differential in Recoil
Charge States.
H. SCHOENE, Oak Ridge National Laboratory, Oak
Ridge, TN, USA.

Sce Session Number: GE 9

PA 25 Evidence for Two Path Interference of
Coulomb Focussed Electrons in Low Energy He' + He
Collisions.

J.K. SWENSON, SAIC, San Diego, CA, USA.

See Session Number: IC 8

PA 26 Study of the Line Shape of Auger Electrons Excited
Direct lonization and Electron Capture. T. VAJNAI*, L. SARKA

A. KOVER and J. VEGH, Institute of Nuclear Research of {
Hunganan_Academy of Sciences, Debrecen, Hungary - - The exc
tion of Auger electrons by electron capture (in contrast to direct i
ization) in collisions of atoms with singly charged ions is not influen
by post collision interaction (PCI) effects in lack of charged out
ing particles. The detection of the Auger electrons following capt
thereby represent. a unique method to establish a reference line shi
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whach is free of PCI distortions. In the present work we have stud
the shape of the L;-Mj 5('S,) Auger line of argon excited by 0.7 M
protons detecting the electrons 1w cunadence with the neutrali
outgoing H® atoms and without it. The non-coincidence spectr
(originating dominantly from direct ionization) shows a considera
shift and asymmetry of the peak compared to the peak of the cois
dence spectrum.

*On leave from Technical University for Heavy Industry, Misk
Hungary

PA 27 Double Differential Cross Sections for
Electron Capture to the Continuum of Bare H and
He Projectiles in Noble Gases and Hydrocarbons.
G. BISSINGER, East Carolina University,
Greenville, NC, USA.

See Session Number: IC 10

PA 28 Angular Distribution for Electron Capture
From He By Low Velocity Ar® Ions.
W. WAGGONER, Hastings College, Hastings, NE, USA.

See Session Number: GE 6

PA29 Electron Capture by 0% from Aligned
Molecular Deuterium.
S. CHENG, J.R. Macdonald Lab,

University, Ma: :ttan, KS, USA.
See Session Number: GE 7

Kansas State

PA 30

Two electron capture in__ o 1lisions of fully stripped

fons with Helium' 2. Chen, R. Shingal and C.D.Lin,
Departmer.t of Physics, Kansas State Jniversity,

Manhattan, KS 66506 Adoptl.g an i.dcpendent electron
approximation, the double capi.re c...s sections to

individual doubly ocxecited states for bare 1ions
colliuing with Helium in the keV/amu range are
calculalzd. The double capture amplitudes are otrtained

by properly welghting with the configuration inte, action
coefficients the single capture ampiltudes which are
calculated wusing the two-center atoumic objia . losec
coupling method. The calculated cross sectlont are
compared with recent high resolution elec‘ian
spectroscopy experiments. The dominant states populated
in the collision are generally well predicted.

* Work supported by the Division of Chemical Sciences,
Office of Basic Energy Science, Office of Energy Resea-
rch, U.S. Department of Energy.

PA 31 Direct Ionization and Electron Capture in K-Shell X-Ray Product
In Fluorine by Highly-Charged Boron, Carbon, and Oxygen Ios
D.K.MARBLE, F.D. MCDANIEL, J.L. DUGGAN, M.R.MCNEIR, Y.C. }
2Y ZHAO, D.L. WEATHERS, AND PS. ELLIOTT, Depi. of Phys
Uwmiversity of North Texa. Denton, TX 76203, USA. RM, WHEELER A
R.P. CHATURVEDI, Dept. of Physics, State University of New York Colle
Cortland, NY 13045, USA, G. LAPICKI, Dept. of Physics. East Carot
Umiversity, Greenville, NC 27858, USA--Measurements of fluorme K-s
x-ray production cross sections are reported for thin sohid targets of YF
a function of ion charge state, q. To determine target thicknes
corresponding to near single-collision conditions, x-ray measurcments w
made for targets of thickness 2 - 66 microgramsscm® deposited o1
micrograms,'cm¢ carbon backings. Cross sections for electron capture to
K-shell of the ion and the sum of vross sections fur direct wnization
continuum and electron capture tu the L, M, N, ctc. shells are inferred fi

the chaige-state dependence of the data. Experimental prucedures
discussed as well as comparisons to theory.

*Work supported in part by the NSF, the ONR, Texas Instruments, Inc.,
State of Texas Coordinating Board, and the Robert A, Welch Foundation

PA 32 RTE Interference Calculations.
T. REEVES, Coastal Carolina College, Conway, SC.

See Session Number: 1C9

PA 33 Single Electron Capture by High Velocity Bare and
One-Electron Projectiles {in Collisions with Molecular
Hydrogen.* J.M. SANDERS, TRACY N. TIPPING, JAMES HALL,*
J.L  SHINPAUGH, D.H. LEE, and PATRICK RICHARD, J.R,
Macdonald lab, Kansas State Univ., Manhattan, KS 66506--
Total cross-sections for single electron capture by 0.5-
2.5 MeV/A bare and hydrogen-like F and O projectiles on
molecular hydrogen have been measured. The measured cross
sections are compared with empirical, semi-empirical, and
theoretical calculations.

* Supported by the Division of Chemical Sciences, Office
of Basic Energy Science, Office of Energy Research, U.S.
Department of Energy.
* Permanent Address:
Laboratory, Livermore, CA

Lawrence Livérmore National

PA 34 Electron Capture and Excitation Studied by State-Resolved
KL Measurements in 0.25-2 MeV/u F*(15* 'S, 1525 °
+ H./H llisions.* D.H. LEE, P. RICHARD, TJ.M.
ZOUROS,* J.M. SANDERS, JL. SHINPAUGH, and S.L.
VARGHESE, J.R, Macdonald Lab, Kansas St, U,--State-resolved
KLL Auger cross sections were measured for collisions of 0.25-2
MeV/u F*(1s? 1S, 1525 *S) with H, and He targets at 0*. The
mechanisms for forming the 15222¢/ and 252p 5*'L Auger states
were identified to be single electron capture, 1s + 2p excitation,
and nonresonant and resonant transfer excitation (RTE) by the 15
1S ground or 1525 *S metastable states of the incoming projectile
ions. Using known metastable beam fractions,! the cross sections
for the formation of the excited states were extracted and com-
pared with theory. The 15252p *P state showed a projectile energy
dependence of Ep” (n=~4.2 for He and ~5.2 for H, targets) in
electron capture. The other 1522¢7 B*!L states exhibit RTE.

* Supported by the Div. of Chemical Sciences, Office of Basic
Energy Sciences, Off. of Energy Research, U.S. Dept. of Energy.
* Physics Dept., Univ. of Crete, Iraklion, Crete, Greece.

¥ Physics Dept., Univ. of S. Alabama, Mobile, AL 36688, USA.
! T.R. Dillingham et al., Phys. Rev. A 29, 3029 (1984).

PA 35 satellite and Hypersatellite Structure in
the K-Auger Spectrum of Carbon Following
Collisions of ¢* with He.

J.M. RITHONY, U.S. Naval Academy, Annapolis, MD.

Sce Session Number: I 7

PA 36 Transition fxop the Quantum to a Classical Limit
on the Atomic Scale.* ..H. MCGUIRE, JACK C. STRATON, Y.D.
WANG, and L.0. WEAVER, ' y, Macdonald Lab, Kansas State
U, --A projectile of chayr,e Z carrying N electrons may be
described at high csliici~n velocities in the Born
approximation by an effective charge Z,,,2(Q), which varies
with the mom *um transfer, 7, of the projectile. At
small Q, Z,,.° goes to (2-N)2 corresponding to coherent
quantun ampli.udes. At large Q, 2,7 goes to Z4l
corresponding .. incoherent scattering by all of the
constituent part.cles of che projectile. This incoherent
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limit corresponds to the free colllsion model of Bohr. We
discuss the transition from cuvhereuce to incoherence and
suggest experiments to observe this transition which is
related to the so called "measurement problem" of quantum
nmechanics.

* Supported by the Division of Chemical Sciences, Office
of Basic Energy Sciences, Office of Energy Research, U.S.
Department of Energy.

PA 37 Anisotropy of Polarized X-Ray Emission from
Free Molecules

S.H. SOUTHWORTH, National Inst. of Standards and
Technology, Gaithersburg, MD.

See Session Number: FA S

PA 38 Angular Distribution and Linear Polarizatfon in
Dielectronic Recombination of Lithiumlike Nickel.* C.P.
BHALLA, Physics Dept., Kansas State U,, K.R. KARIM,
Physics Dept., Illinois State U, , and M WILSON, Physics
Dept,, Royal Holloway and New Bedford College (i, of
London), --Recent experiments’ with LLNL EBIT (electron-
beam lon trap) and KSU EBIS (electroa-beam ilon source)
have made it possible to measure the differential
dielectronic recombination (DR) cross sections as a
function of electron energy. The doubly excited states
sxoduced in DR are collisionally aligned® and the
stabilizing x-rays in DR have characteristic angular
distributions. In addition these x-rays are, in general,
linearly polatized. We preseat here the results of our
calculations.

* Supported by the Division of Chemical Sciences, Oftice
of Basic Energy Sclences, 0ffice of Energy Research, U S.
Department of Energy, and in part by the SERC Rutherford
Appleton Laboratory.

'D.A. Knapp, et al , Phys. Rev. Lett. 62, 2104 (1989); C.L.
Cocke, et al., Bull. Am. Phys. Soc. 35, 1155 (1990).
%c.P. Bhalla, Phys. Rev. Lett. 64, 1103 (1990).

PA 39 vibrational Excitation Effects
Exciton Spectra

W.L. O'BRIEN, University of Tennessee, Knoxville,
TN, USA.

on Core

See Session Number: FA 3

PA 40 Test System for Creatjon and Trapping of Low
Energy H Jons.* KI KI HOSEA and R.A. KENEFICK,
Texas A&M University.--- An apparatus for m suu
production of a small number (<10‘) of
calibration H for the cooling and launching
region of the LANL antproton gravity experiment
has been developed. Hydrogen ions are detected
at high sensitivity in an ICR (flat rectangular
electrode structure) trap by a marginal
oscillator. It is operated with synthetic Q
chosen at 2000~-4000 which is possible with very
low-level RF injection at the selected cyclotron
resonance frequency in the 2 to 4 MHz range.
Resonance scanning and signal averaging are
achieved by magnetic field modulation at very low
frequency. Differences in ion signal with sign
of dB/dt due to Faraday e.m.f. are observed and
analyzed. These differences can be a useful
technique to distinguish H from H ions.
Resonance spectra of H, H,’, and H;" are analyzed
for optimization of the detection sensitivity for
the H ions. An interesting and useful ion
signal response when the marginal oscillator is
driven slightly off resonance is analyzed. The
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capture mechanism for H using swept trap
electrode potentials is described and results for
this method are discussed.

* Work supported by the Department of Energy
under contract No. W7405 ENG-36

PA 41 Atomic Physics Research with 2nd and 3rd
Generation Synchrotron Light Sources

B. M. JOHNSON, Brookhaven National Laboratory,
Upton, NY, USA,

See Session Number: FA 1

PA 42 . L.

Iheoretical description of the anomalous g-dependence of

i in F4* -+ Hy collisions,
C.O.REINHOLD *, D.R. SCHULTZ and R.E. OLSON
D [BI . !I ' 3 EI['Q I-B " *
The anomalous g-dependence of the zero degree binary peak
recently observed by Richard et al. 1 is explained in terms of the
differences between scattering of target electrons by either a bare
or clothed projectile. Calculations have been performed using the
impuise approximation. That is, the convolution of the quantum
mechanical elastic cross sections and the target momentum
distr:bution were calculated. The non-Coulomb phase shifts due
to the screened projectile - electron interaction were obtained by
direct integration of the radial Schroedinger equation and using
Hartree-Fock model putentials. Excellent agreement is obtained
between theory and experiment.
+ New address: Dept. of Phys., Univ. of Tennessee Knoxville.
* Supported by the Office of Fusion Energy of the U.S. D.O.E.
1. P.Richard, D.H. Lee, T.J.M. Zouros, J.M. Sanders and J.L.
Shingpaugh, J. Phys. B 23, 1.213 (1990).

PA 43 Excitation of the Na 3p Level by Light lons in the
Intermediate Energy Range, A. SEN, H. S. KINDLE, and X.

LI, University of Toledo--An ion-atom collision apparatus
has been built for the measurement of excitation processes
in the energy range 30-300 keV. The light ions (H*, H,*,
H,*) produced in a Danfysik accelerator system are
intersected with a sodium beam from an effusive sourcs.
The excitation of the Na(3p) level is measured by recording

the 3p—3s resonance emission in a photomultiplier tube
with a narrow band filter. The measured cross sections are

normalized with respect to the calculations made by
Theodosiou’.

! C.E. Theodosiou, Phys. Rev. A 36, 3067 (1987)

PA 44 Molecular Studies Using Imaging Time-of-
Flight Techniques

M. MERON, Brookhaven National Laboratory, Upton,
NY, USA.

See Session Number: FA 8

PA 45 Collisional Dissoclation of HDZ' Molecular
Ions in H, in the Energy Range 1.5 -~ 5.0.
C. CISNEROS, Instituto de Fisica,
Cuernavaca, Mor., Mexico.

UNAM,

See Session Number: IC 11
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PA 46 2- and 3-Electron Processes in_Ha*-He

Colligions.* O. Yenen, B.W. Moudry, D.H.
Jaecks, and M.E. Rudd, University of Nebraska-
Lincoln-- Most colliszsion studies to date,
involving many-electron processes, are confined
to highly charged atomic ions at high
velocities. To expand the measurements to
molecular ions and velocities of the order of 1
a.u., we have measured the energy spectra of
electrons resulting from collisions of 30-120
keV Ha* with He, The spectra show the
well-known autoionizing states of He .and the
He-(132s2) Feshbach resonance. The latter is
produced by a transfer and excitation
mechanism, a 2-electron process. The siuglet
autojonizing states of He are also formed by a

2-electron process whereas the triplet
autoionizing states result from 3-electron
processes. The energy dependence of these 2-

and 3-electron processes will be discussed and
a molecular orbital (MO) model will be used to
explain our observations.

& Work supported by the National
Foundation under Grant PHY-8701905.

Science

PA 47 Angular distributions of H- fragment fror

Ba> on Ma at low keV collisions.~ C. Cisneros,

I. Alvarez, J. de Urquijo, and H. Martinez.
Instituto de Fisica, UNAM, Cuernavaca, Mor., 62191
Mexico. Differential cross sections are presented
for the production of H- fragment produced in co--
Nisions of Ha* with Mg at collisjon energies 1.0,
2.0, 3.0, 4.0, and 5.0 keV. The measured angular
distributions fit a scaling law® (1/E;nc)d 0/d 0=
f(Esno ¢?). Three interesting structures are obser-
ved at 13 keV-deg? 23.6 keV-deg2 and 40 keV-deg<.
The peaks suggest that the mechanism for producing
the H- fragment is a two step process, that is,

Ha* + Mg -> Hz + Mg~ -> H + H + Mg~ , and H + Mg
-> H= + Mg-.

~“Research partially supported by CONACYT and DGAPA.
1C. Cisneros, I. Alvarez, C. F. Barnett, J. A. Ray,
and A. Russek, Phys. Rev. Al4, 88 (1976).

PA 48 Angle-differential cross sections for
collisions of H~ with He. V., MA, C. E.

THEODOSIOU, and T. J. KVALE,® Univ. of Toledo--
The angle-differential cross sections for the
elastic scattering of H™ by He have been calcula-
ted within the unitarized Born approximation for
various impact energies. Our calculations verify
previous predictions by Theodosiou,! based on a
simple Born approximation, of the existence of a
sharp minimum in the cross sections at small
scattering angles due to the internal structure of
H~. Our data will be compared with the available
experimental data.2.3

* Supported by US DOE Grant DE-FG05-88ER13971

1 C. E. Theodosiou, Bull. Am. Phys. Soc. 34, 1358
(1989); Phys. Rev. Lett. (submitted)

? M. P. McCaughey and J. A. Bednar, Phys. Rev.
Lett. 28, 1011 (1972)

3 V. Esaulov, D. Dhuicq, and J. P. Gauyacq, J.
Phys. B 11, 1049 (1978)

PA 49 Analysis_of Emittance Growth in an H _Beam
with Xenon Gas Neutralization,* T. W. Debiak, G. Gammel, Y, C.
Ng, and J. Sredniawski, Grumman Corporation --- Introduction of

agas, like xenon or argon, into the transport channel of an ion beam
may be used to reduce the emittance growth due to nonuniform

beam density. Measurements of beam emittance of an H- beam
with and without gas neutralization will be presented at various
perveance values and drift space distances. Preliminary analysis of
these results indicates that the fractional reduction of emittance
growth is greater as the length of the drift space increases. Results
of a computer simulation that uses the electron loss cross-sections
for H™ and Xenon to model the amount of space-charge neutraliza-
tion will be presented. The purpose of this model is to obtain a
theoretical basis for quantitatively understanding these results.

*Work supported by Grumman IRAD contract 7222-3002

PA 50 s

Growthof an H ¢.* G. Gammel,
T. W. Debiak, Y. C. Ng, and J. Sredniawski, i
--- Measurements of emittance and emittance growthinan H beam
extracted from an LBL volume source will be presented. Effects of
introducing cesium into the arc chamber will be shown. Some
differences are noted, depending on whether cesium is actively
entering the chamber or whether the source is running on residual
cesium. Also, the effect of beam perveance will be shown. Atafixed
location, the dependence of emittance on perveance issimilar to the
dependence of beam width on perveance, as if emittance is propor-
tional to beam divergence. This data will be compared with WOLF
simulations of emittance growth at different currents, with a non-
uniform initial current density distribution.

*Work supported by Grumman IRAD contract 7222-3002

PA 51

ureme 3 sjonal ct and

rk _effect uger deca He. ROBERT

DESERIO, University of Tennessee and Oak Ridge National
Laboratory. Measurements of the cross section, doubly
differential in energy and emission angle, have been made
of Auger electrons produced in Het on He collisions at
beam energies of 15, 35, 50 and 65 keV. Both target and
projectile Auger electrons have been observed. Target
electrons experience a strong “"Coulomb focussing" affect
— enhancing the cross section as nuch as an order of
magnitude within a few degrees of the forward direction.
The unfocussed, foyward-directed projectile Augers pro-
vide & sensitive test of apparatus effects that can be
used in the analysis. The measurements also provide an
opportunity to test other theoretical predfictions. The
detailed energy and angular distributions are a sensitive
probe of the precursor excited states formed in the col-
lisfon. Recent calculations indicate that the strong
Stark fields of the fons in the fon-atom complex are ex-
pected to produce observable effects. *Work supported in
part by the National Science Foundation and by the U.S.
Department of Enexgy, Office of Basic Enexgy Scliences,
Division of Chemical Sciences, under Contract No. DE-
ACO05-840R21400 with Martin Marietta Energy Systems, Inc.

PA 52 +
Measurements of two-center electrons from low-energy H
on He collisions. ROBERT DESRIO, Unfiversity of Tennessece
and Oak Ridge National Laboratory. For electron capture
to the continuum in fon-atom collisions, it £s well known
that the Coulomb interaction produces a "1/v" or "cusp"
singularity in the electron velocity distribution at the
projectile velocity. Measured distributions at high col-
lislon enexgies have been used to test predictions of the
multipole content of the density matrix describing the
captured electron. For the present measurements at 10-70
keV, the larger range of electron velocities measured
make multipole expansions of limited value. Only a comp-
lete description of the production and emission process
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in the fields of both the residual target isn and the

projectile ion is exjected to compare well with the data.

Indeed, recent classical trajeciory Monte-Carlo and CDW-
EIS calculations which both include two-center effucts
appear promising, though not completely satisfying. The

present measurements show peaked angular distributions at

electron velocities where the effect of both ions should
be comparable. *Work supported in part by the National
Science Foundation and by the U.S. Department of Energy,
Office of Basic Energy Sciences, Division of Chemical
Sciences, under Contract No. DE-AC05-840R21400 with
Martin Marletta Energy Systems, Inc.

PA 53

In-beam Study of Spin Density Oscillations in Ferromagnetic Fe-
based Alloys using 7$9Ge isomers. C.S.LEE, P.RAGHAVAN®,
Rutgers Unjv.* and R.S.RAGHAVAN, AT&T Be,l Lab. - Since the
first in-beam ubservation!’ of spin density oscillations(SDO) of
conduction electrons in Fe;..Gey alloys using a 67Ge isomer was
reported, we have continued the measurement of SDO using a
microsecond isomer, 69Ge. The isomeric state in 89Ge was populated
in the 56Fe(160,2pn) reaction with the pulsed 190 beam at the energy of
56 MeV, and the magnetic hyperfine fields at the Ge-nucleus site
were measured via the TDFAD technique. The observed set of
multiple precession frequencies proves constant , independent of the
solute concentration, and the deduced spin density manifests itsclf
the oscillatory nature as a function of interatomic distance. The
radial dependence of SDO is extracted up to the third nearest
neighbor and the combined works using both 67.69Ge isomers will be
discussed in the framework of the Ruderman-Kittel-Kasuya-Yosida
interaction.

* Present address: AT&T Bell Laboratories, Murray Hill, NJ.

* Supported in part by the National Science Foundation.
D C.S. Lee, et al., Bull. Am. Phys. Soc. 30(1985)741.

PA 54

Test Systen for Trapwing and
Resistivelv Cooling H* to Cryogenic
JTemperatures® S. Cornford and
R.A.Kenefick, Texas A&M University---

A Penning Trap held at 4 K which is
suitable for demonstration of resistive
cooling of H* 1ons, or antiprotons in
the LANL antiproton gravity experiment,
is described. Circuit Q in the range
3500-12000 is echieved using opposed
superconducting solenoids which resonate
with two of the four-quadrant ring
electrodes. A Q of 600 is achieved using
an identical copper solenoid pair. The
normal-mode trap resonances are driven
and detected during optimization of the
system performance. Current lifetime and
cooling results are presented and
discussed.

* Work supported by the Department of
Energy under contract No. W7405 ENG-36

PA 5SS Radiative Lifetime Measurements Usin
an _Argon Ion-Beam. SCOTT A. YOUNG and CHARLES
E. HEAD, Univ. of New Orleans -- Using an Ar+

ion beam in the 30 to 35 keV energy range, we
have obtained several radiative decay curves
for the upper levels of the 407.2-nm, 434.8-nm
and 454.5-nm transitions of Ar+. All curves
were subjected to a systematic deletion-of-
points curve fitting routine to assess the
effects of cascades. Based on fits to the

Vol. 35, No. 8 (1990)
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decay curves we estimate these .ifetimes to be
apout 8.0 ns, 7.0 ns, and 9.5 ns, respective-

ly. Uncertainties in the first *wo values are

estimated to be about 0.5 ns; anv in the third
value, about 1.0 ns.

PA 56 Injection and Confinenent, <. Beam Tons"
Lisheng Yang and D, A. church, Tec.ns A&M Uni-
versity lons from a 2keV Ar® beam (a few nA
current) were captured into an elentro-static
ion trap (Kingdon Trap) and stored for as long
as 100 msec. The containment time was limited
by the chamber pressure of 2 X 107 Porr. The
trap is made of an Al cylinder, 4" in diameter
by 6" long, with a central tungsten wire of
diameter 0.0025". Fast (100 ns fall time),
high voltage pulses (1.9kV-0V) with various
durations of up to 100 ms were fed to the wire
to turn the trap on and off. The cylinder was
held at a constant potential ®1.9kV. The icns
were dumped at the end of each storage
interval and a fraction of them was measured
by a mnmicrochannel plate. A signal to
backyround ratio of 10 was achieved. The
number of ions wag found to decrease
exponentially with a time constant of 60 ms
due tc collsions with the residual gas. The
techuique is being extended to slow, highly-
charged .ons and lower pressures.

* Research supported by the Robert Aa. wél_tch
Foundation, The National Science Foundation
and Texas A&M University.

PA 57 -t
ete [0} trons uum S

Detection of two electrons in low lying égggjn um states
of the same projectile jon,* J.D. RICHARDS, M. BREINIG,
C.C. GAITHER,IIX AND T.A. UNDERWOOD, Unjversity of

Tennessee and Oak Ridge Natfonal Laboratory. A 30 deg
parallel plate spectrometer with a large channel plate in
its focal plane and an anode consisting of discrete
stripes has been used in preliminary experiments to de-
tect two electrons in low-lying continnum states just
above the ionization limit of the same projectile ion.
Collisions between 0.1 - 0.3 MeV/u0%* and Ag>* projec-
tiles and Ar target atoms have been investigated. Work
is continuing to investigate in detail the enexgy and
angular correlations between the two electrons near the
threshold for double escape. *Work supported in part by
the National Science Foundation and by the U.S. Dept. of
Enexgy, Off. of Basic Enexgy Sciences, Div. of Chemical
Sciences, under Contract No. DE-AC05-840R21400 with
Martin Marietta Energy Systems, Inc.

PA 58 A study of scattered ion charge states for Kr** - Kr collisions
(0 = 12,34 and 5), E. F. DEVENEY, MICHAEL H. RAPPOSCH,
and QUENTIN C. KESSEL, University of Connecticut.~-The final
ionization states have been measured for Kr ions scattered to 1, 2, and
4 degrees from Kr targets for sclected ion energies from 0.4 to 1.4
McV. For projectile ionization states ranging from I to 5 the average
final scattered charge state is observed to have only a weak depend-
ence on the initial charge state. For example, for 1.4 MeV, 4 degree
Stalltnng the . 27agc final charge state for Kr*-Kr collisions was 10.2
and for Kr** collisions it was 10.3. For 0.7 MeV, 1 degree scattering
the final charge states ranged from 4.8 to 5.3 for incident charge states
from 1 to 4. Thus rclative independence of the final charge state with
respect to the imual charge state 1s surpnsing. Whaile one would not
expect the full increase in projectile charge state to be reflected in the
final charge statc (sharing of the clectrons surrounding both nuclel
mght be expeeted to oceur in the short-hived collisional molecule), the
observed independence shows the iomzation and charge transfer
processes do interact in a specific way. 1 1s not clear, for these very
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heavy ion-atom collisions, that existng models prosvide an appropriate
descnption of the multielectron processes that give rise to the ob-
served ionization states.

*Supported by National Science Foundation grant number
PHY-8818347.

PA 59 7+
Energy Dependence of the Alignment of Ne’".* C.J.

LIU, R.W. DUNFORD, H.G. BERRY AND D.A, CHURCH{ Argonne
National Laboratory--The uncertainty due to anisotropic
emission and polarization correction contributes the
largest error in the determination of subsheil selective
electron-capture cross sections. We report on a study of
the alignment of excited Ne’* ions produced in collisions
of NeB* jons on a sodium beam target at beam energies
from 4.8 keV/amu to 32.8 keV/amu. The main capture
channels are in high Rydberg states (n=9 and n=8) with
high orbital angular momentum. The linear polarization
of the 434.2 nm (n=9% to n=8) and 297.7 nm (n=8 to n=7)
emission lines of Ne’* ions have been studied using a
recoil ion sourcel in the energy region between 0.025
keV/amu and 0.4 keV/amu. The work reported here extends
the previous work! from low energies to higher energies
vwhere the atomic state expansion method or A0-MO matching
method has to be employed to calculate the magnetic
substate distribution.

*Supported by the U.S. Department ot .ne.g,. ffice of
Basic Energy Sciences, under contract W-31 .09-ING-38.

Present address: Texas A&M Univ., College Station, TX

L. J. Lembo, Ph.D. thesis, Stanford Unive:sity,
Stanford, CA, unpublished (1987).

PA 60 Calibration of a Two-photon Coinci-
dence Experiment Using 133Ba. DAVID J.
LAWRENCE and C.A. QUARLES, Texas Christian
U.*-Accelerators are increasingly being used
in the measurement of coincident two-photon
processes. The measurement of the cross
.section of such processes using a coincidence
technique requires the determination of the
efficiency/aclid eangle product. Since the
geometries for accelerator set-ups are usual-
ly quite complicated, the most accurate way
to determine the calibration product is by
measuring & well-known two-photon proccas. A
calibrated 133Ba source is well suited for
calibrating a coincidence system. This is
because its decay produces a high rate of
coincident photons in the wide energy range
from 31 to 383 keV. In thisz paper various
two-photon coincidence probabilities for
133Ba are computed from talLulated transition
values. Examples will be given to 1llustrate
the use and accuracy of this calibration
technique.

t3upported by the Welch Foundation.

PA 61 Radiativ nopradiative bran s
doyble-Rydberg_states of Ba* _K.R. Karim. Physics
Department, Illipois Stete U, C.P,_Bhaliz, Physics
Department, Kansas State U, and M, Wuson, Physi
Department, Royal Holloway and New Berdford College
(U,_of London).-- We report here the radiative and
nonradiative branching ratios for a few selected couble-
Rydberg states of barium atom to differznt final states.
The calculation has been performed using Xartree-Fock
Atomic model in the intermcdiate coupling scheme
including the effects of configuration mixing.

* Supported by Division of Chemical Sciences, Office

of Basic Energy Sciences, Office of Energy Research,
U.S. Department of Energy.

]

PA 62 Lifetime Measurements on Nitrogen Ion Beams
from a Low-Energy Accelerator., M.E.M. HEAD, C.E. HEAD,
Univ, of New Orleans, and J.L. DEAN, LSU Medicgl
Center --- Experimental lifetimes for the 2p3p ~D
laser level of N* differ by an order of magnitude and
indicate the need for further study. High-statistics
decay curves for the 2p3p D levels obtained in the
current investigation show clear evidence of a short-
lived, growing-in cascade and support the longer
value., Decay curves for two of the important cascade
levels were also measured directly, along with decay
curves for the 3; *D laser levels, These curves were
subjected to a systematic deletion-of-points curve~
fitting routine which was evaluated using Monte-Carlo
generated decay curves. Mean lifetimes (in ns) and
their associated statistical e5rors obtained from
gecay curves to date ares;, 2p3p “D, 18.50+0.72; 2y3d
FO,” 8.23+0.28; 2p4f 3G, 2.93+0.18; 2p3p 1D,
6.4240.13. Systematic and curve-fitting uncertainties
vary with the particular level, and are inclunded in
total uncertainties in the full paper. These experi-
mental lifetimes are in excellent agreement with theo-
retical transition protabilities tabulated by NIST.

PA 63 Integrated Azcelerator-Monochromator Apparatus
for Time-Besolved Vacuum-Ultraviolet Spectroscopy.
D.F. HASENKAMPF and C.E. HEAD, Univ, of New Orleans --
A computer controlled wvuv monochromator and scanning
mirror were integrated into a low-energy accelerator
for measurements of radiative lifetimes of vuv tran-
sitions with the beam-gas method. This methcd is a
time-of-flight technique in which the decay time is
related to the distance from a target cell by te=x/v
(v ~ speed of the ions in the beam). Radfation f£from
position x is collected by the scanning mirror and
directed through the entrance slit of the monochroma-
tor, which contains a 1200-g/mm concave grating In a
Seya-Namioka mount. The stepp%ng increment along the
beam is (8.476 + 0.002) x 10~ cm per step of the
scanning mirroxr drive motor. The monochromator was
calibrated for expected operational slit widths and
used to measure the wavelengths and instrumental line-
widths of the 102.5- and 121.6-nm lines of atomic hy-
drogen and a number of Hg lines. Application of the
apparatus for detexmination of radiative lifetimes of
vuv transitions will be discussed.

PA 64 Efficiency Determination for a Windowless Si(Li) X-
Ray Dectector for Photon Energies Below 5 keV Using Atomic-Ficld
Bremsstrahlung.* D. L. WEATHERS, J. L. DUGGAN, M. R. MCNEIR, Y.
C. YU, and F. D. MCDANIEL, Dept. of Physics, Unwwersity of North Tezas,
Denton, TX 76203; C. A. QUARLES, H. LEHTIHET, and D. KAHLER,
Physics Depl., Texas Christsan Unsversity, Fort Worth, TX 76129—The effi-
ciency of a Link Analytical windowless Si(Li) X-ray detector has been deter-
mined experimentally for photon cnergies down to 600 ¢V. Thin foil targets were
bombarded with 66.5 keV electrons, and the resulting atomic-field bremsstrah-
lung spectia we.e measured with the detector. The detector s refative efficiency
as a function of ph ston energy was obtained by cwinipaning these measured dis
tributions with the true spectral distributions for the bremsstrahlung, whih
are wel! known to ~5% {1). By matching the relative efficiency determined in
this manner to absolute cfficiencies determined with cahibrated radicactive pho-
ton suurces ai cacrgies above 5 keV, a continuous, absolute efficiency cutve has
been obtained. The cfficiency data have been fit with a simple model, allowing
extensiun to the luwest photon energies discernable with the jnstrument (~200
¢V) The general applicability of the calibration technique, its Jimitations, and
proposals for further refinement are discussed.

* Work supported in part by the State of Texas Coordinating Board, Texas Instru-
ments Inc., NSF, ONR, and the Robert A. Welch Foundation,

[1] Lynn Kissel, C. A. Quatles, and R. H. Pratt, At. Data Nucl. Data Tables 28
(1983) 381-460.
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PA o5 Stopping Powers for 40C to 2400 «:Y N Ions in He
Ar. JACK L. PRICE, STANLEY H. SIERN, DONALD G. SIMONS™, I
J. LAND, JAMES G. BRENNAN", Hava! Surface Warfare Center
White Oak, MD - The stopping pow.rs for 400 to 2400 keV N
in He and Ar gas targets were nieasured using time-of-fligl
techniques. The stopping power was directly determined f
the change in ion time of flight over a fixed distance af
passing through a differentially-pumped, windowless gas ¢
Start and stop pulses, derived from seconcary electrons
produced by passing the ion through thin C foils and dete
by microchannel plates, are used to trigger a TAC spectro
The measured stopping power values are analyzed as a func
of their linearity with projectile ve]ocity and are compa
with those compiled by Ziegler et al.} and with predictio
the Firsov-Land-Brennan (FLB) Theory.¢ In general, the
measured values agree with FLB but are consistently low?r
}gose of Ziegler. Comparison of results obtained with 1%
N and with N* and N** projectiles will be presented. D
of the measurement and detection systems will also be giv

* Also at The Catholic University of America, Washington,
1 J. Ziegler, J. P. Biersack, and U. littmark, Stopping
Range of Ions in Solids, Pergamon Press, NY (1955).

2 D. J. Land and J. G. Brennan, Atomic Data and Nuclear
Tables 22, 235 (1978).

PA 66 Correctlons to fon Energy Determinations in Tandem Accelerato.
AM. ARRALE, S. MATTESON, F.D. McDANIEL, and J.L. DUGG#
Dept. vj Physics and Center for Materials Characierization, Lniver siiy
Nor,h Texas. Denton, TX 76203--lon energy loss occurs during pass
through tha st;ipping gas or foil in the terminal of a tandem a.celerator
energy loss is usually small and is ignored in most experiments.
accelerator mass spectrometry (AMS),' the energy loss may result
non-detection of the ion. We have obtained an approximate expression
the energy loss of 1 to 4 MeV 1ons in mitrogen gas and carbon fosls. By us
the scaling theory of Lindhard, Scharff, and Schiott (LSS), a semi-empir
formula is found for the energy loss as a function of a dimensionless redu
energy. Calculated energy losses of all ions as a function of atomic mas
plotted for each energy, and the result is compared to experimental ¢
measured in an AMS system,

*Work supported in part by the State of Texas Coordmatng Board, Te
Instruments Inc., the NSF, the ONR, the Robert A. Welch Foundation, Te
Utilities Electric Co., Iniernational Digital Modeling Corp.. and
Unuversity of North Texas Organized Research Fund.

'1.M. Anthony, S. Matteson, D.K. Marble, J.L. Duggan, F.D. McDanel,
l?.gJéol))onahue, Nucl. Insti am and Methods in Physics Research B50,
gl. Lindhard, M. Scharff and H.E. Schiott, Mat. Fys. Medd Vid. Selsk.
no,14 (1963).

PA 67

M.PEBALBA, A.ARNAU, P.M.ECHENIQUE, Departamento de Fisica de
dateriales, Universidad del Pais Vasco, Facultad de Quimica, San
Sebastisn 20080, Spain.

A chzrge state approach is uased to calculate the electronic
stopping power of carbon for a beam of He ions at interrmediate
energies. The contribution to stopping power from the different
charge states and that of the charge exchange processes are
evaluated sepzrately. Several approximations to treat the C-target
axe used to study the difference between diamond, graphite and
SROrpRous CArdON. CONParison with some experimental data s done.

PA 68 A Possible Search for Doubly-Charged
Negative JIons. DURO MILJANIC, _Ruder BoXkovié
Ingtitute, Zagreb, Yugoslavia. --- Reports on

the observation of doubly-charged negative ions

are inconclusive., Searches via accelerator mass

spectrometry (AMS) gave very low limits (107 '*-

10°'%) for the

singly-charged

ratio of doubly-charged to

ions. However, since one is
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probably dealing with very loosely bound ions,
the AMS as used in the searches may not be
suirtable for this purpose. It is proposed to
use singly-charged negativelions of positron
doubly-

approaches to

emitters (e.g. '°F ) as parents of
charged negative ions. Different
tte search will be discussed.

PA 69 Scatterfing of Molecular Hydrogen _at Fixed
Orfentation.* Y.D. WANG AND J H MCGUIRE, J.R, Macdonald

Lab, Kansas State Univ.--Within a first Born theory, we
have studied collisions with H, by fast projectiles (bare
nuclei and projectiles carrying electrons). Because of
the relative short collision time, electronic transitions
occur at a fixed orientation of the molecular axis. We
first consider orientation dependence in ionization of H,
by fast protons. The orientation dependences in cross
sections generally tend to be less pronounced than those
found in charge transfer processes. The total cross
sections are compared with experiments, Our calculations
suggest that a constructive interference between the two
atomic centers may explain the observed "equality” between
H, and 2H at high velocities. We then isolate the role of
the molacular wwo-center effects and apply this result to
recoil distribution from Coulomb explosions. This is done
by using an effective charge involving a molecular form
factor at a fixed orientation. We show that, in general,
use of an orientation averaged form factor is not always
Justified.

* Supported by the Division of Chemical Sciences, Office
of Basic Energy Sciences, Office of Energy Research, U.S.
Department of Energy.

PA 70 Dissociation ¢f Multicharged Hoixcular Ions
Produced in Collisions with 97 MeV Arl4t * ¢, SAMPOLL,
R. L. WATSON, O HEBER, and V. HORVAT, Texas A&M
University. -- Tra..ient molecular ions of Cg, Ny, and €O
having charge o to 10?,were produced by single
collisions of ./ MeV ar ** projectiles, The resultin,
dissociatior, products were identified by coincidence
time-of-flight spectroscopy. The differences in the
times of flight of the two fons formed in these binary
dissociation events were used to deduce the average total
kinetic rnr ies for the various charge division

pathways 1 some cases, it was possible to transform
the time difference distribution into kinetic energy
distrib.- .on by employing a Monte Carlo trajectory
simulation procedure.

*WOrk supported by the Division of Chemical Sciences of
the U.S. Department of Energy and the Robert A. Welch
Foundation.

PA 71 Multichargad Recoil-Ton Production by 292c€ pissisn
Fragments. B. HILL, R. L. WATSON, B. B. BANDONG, and G.
SAMPOLL, Texas ASM University, -- Charge state
distributions of He, Ne, Ar, Kr, and Xe ions produced by
bombardment with highlyﬁggarged heavy ions from the
spontaneous fission of Cf have been measured using
time-of-flight spectroscopy. The measurements reveal
that as many as 10 electrons are removed from Ar in a
single collision. The spectra and the cross sections
obtained for the various target gases will be presented
and compared with the results of experiments utilizing
lower Z projectile fons from a particie accelerator,

*
Work supported by the Division of Chemical Sciences of

the U.S. Department of Energy and the Robert A. Welch
Foundation.
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PA 72 Rgcoil~Ion Kinetic Energies for Collisions of 6
MeV Ar. 0. HEBER, R. L. WATSON, G. SAMPOLL, and B. B.
BANDONG, Iexas A&M University -- The kinetic energies of
Ye, Ne, and Ar recoil-i?gs produced in single collisions
with 96 MeV Ar®* and arl’* projectiles have been
determined from high resolution time-of-flight
measurements. They were found to vif¥ from =kT for
charge 1 recoil-ions to 6 eV for Ar recoil-ions. For
the higher charged recofl-ions, the kinetic energy
increases faster than q°. Average impact parameters are
deduced from these resulis and compared wL{B those
obtained by Levin et al.* for 25 MeV 18+, 10+ o Ax.

*Work supported by the Division of Chemical Sciences of
the U.S. Department of Energy and the Robert A. Welch
Foundation,

J. C. Levin, R. T. Short, C.-S. O, H. Cederquist, S. B.
Elston, J. P. Gibbons, I. A. Sellin, and H. Schmidt-
Bocking, Phys. Rev. A36, 1649 (1987).

PA 73 Kin_(n=2,3,4) RTEA Cross Sections fcr G* » M,.%
R. PARAMESWARAN, B.P. WALCH, and B.D. DcPAOLA, J. 3.

Macdonald Lab, Kansas State Univ.--Cross sections for RTEA
with-4-12 MeV C> projectiles incident on a H, target were
obtained. The measured cross sections were then compared
with theory to obtain the first experimental confirmatior
of the theoretical prediction of the n-dependence (n =
principal quantum number) of the RTEA cross sections,

* Supported by the Division of Chemical Sciences, Office

of Basic Energy Sciences, Office of Energy Research, U.S.
Depaxtment of Energy.

PA 74 D State Components of Li

D. LEHMAN, George Washington University,
Washington, DC, USA.

See Session Number: BB 5

PA75 Novel Applications of Narrow Nuclear
Resonances

K. ROLFS, North Carolina State University,

Raleigh, NC, Usa.

Sec Session Number: BB 8

PA 76 Pion Absorption on Nuclei
P. ROOS, University of British Columbia Campus,
Vancouver, B.C. Canada.

Sec Session Number: BB 7

PA 77 4
Gamma Radiatign from 3.4-6.4 MeV q-Particles

bombarding on “'Al, C. W. Wang, E. K. Lin, S. W.
Hsu and Y. C. Hsu, Institute of Physics, Academia
Si;ﬁca, Taiggi,dgaizan, ?e;;blic of ghina

e ganng-ra on fo ing e reactigns
27‘\1 ’ )515’, 0361*.1((11 W)gUSi 29Al(u, a'Y)éefl\l
and “’Al{e, ny)” P have been measured. Excitation
functions were obtained at 90° in the energy renge
E =3.4 ~ 6.4 HeV for selected regions of y-ray
éﬁergies with a high resolution HpGe detector and
a large voluge HaI(Tl) scintillator. 1In All,
about 300 resonances were observed and the
corresponding excitation eneggies (Ex = 12 - 15
MeV) of the coopound system ° P were determined.
The obtained level density in this region was
conpared with the calculation of statistical
compound nucleus theory.

PA 78 < QDY S ¢ Calgu
e A= 60-8 jon. L. Chaturvedi”, J. H. Hamilton,
A. V. Ramayya, X. Zhao, V. t versity. -- In

recent years our understanding of the mean field in
nuclei has greatly expanded with the discovery of new
regions of deformations. Eerlier, the nuclei in this
mass region were thought to be quasi-vibrational. Since
the discovery of shape coeXistence in /2Se (Ref. 1),
experimental and theoretical studies of nuclei in this
reglon have shown that their spectra are quite complex
and exhibit coexistence of bands of quite different
deformations. Sharp changes in nuclear structure with
szall changes in neutron or proton numbers have been
observed through the influenie of competing gaps in the
Nilsson single-particle levels at different deformation.
Unusually large ground state deformations, g ~ 0.4,
observed in this region are the result of a reinforcing
effect of the shell gaps in the single particle levels
for both Z,N = 38. The remarkable agreement of recent
microscopic calculations* (Tabingen) and studies® of 686,
and /2se with 19 and 20 Compton suppressed Ge detectors
at HHIRF will be xeviewed.

*Physics Dept., Banaras Hindu U., Varanasi-221005, India.
1.J. H. Hamilton er al,, Phys. Rev. Lett. 32, 239 (1.974).
2.L. Chaturvedi et al., to be published.

PA TS Nuclear Level Studies in I-127

T.S. CHEEMA, D. MEHTA, AND B.K. ARORA

Panjab U. -- Different nuclear levels in I-12
have been populated via Coulomb Excitatio
process using low energy proton beam.. Angula
correlation studies of the de-excitation3 gang
rays were carried out using two 64.1 cm HPG
detectors placed at 0° and 90° respectively wit

respect to the incident proton beam. The Ilodin
target was prepared by pressing KI into a thic
pallet. The protan beam of 3.57 MeV energy wa
used to excite the levels at 202.8, 375.0, 418.0
628.6 and 745.0 keV in 1-127. The mnultipol
mixing ratios and A2 coefficients for variou
gamma ray transitions have been extracted an
compared with those given by Uard et al.1l an
Renwick et al.2 The ambiguity in the spi
agsgignment to the level at 628.6 keV is discusse
in the light of present measurements,

1D. Uard et al. Phys. Lett. 29B, 487 (1969).

_2B. B.W. Renwick et al. NPA 208, 574 (1973).

PA 80 Radioactive Beams in Astrophysics
W. RODNEY, Georgetown University, Washington, DC.

See Session Number: BB 9

PA 81 States in Ne=°
reaction, Y. AZZOUZ and H.

throuyb _the "*f(p.a)

BENDINBALLAN, USTHE,

1 i ioy 8.P,32 t

glaer, (ALGERIA) . We have studied the excited
states in HNez° garound 14.5 MeU excitation
energy through the **F(p,a) reaction at proton
energies between 1.55 MeV and 1.64 MeV by 5 kev
steps.Gas target and differential pumping are
utilized.Excitation functions at several angles
have been obtained for the 5 first a groups.The
data show clearly 2 resonances at 1575 keV and
at 1405 keVv with 35 keV and &6 keV width
respectively, The analysis of the data are

performed in the frame of the R-Matrix
formalism.Taking 1into account also all the
resonances in the same energy range compiled

(1983) by F.ajzenberg-Selove, we deduced the
partial widths uich grve the best fits to the
data and the most probable spin parity
assignment 0-, 1= and 1= to the 14.27 HeV,

14.34 MeY and 14.37 MeV in NeZ° respectively.
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PA 82 Trends in {n,x) cross-sections at 14,5 MeV
H.ATASOY,S.DUKMEN, Y.0ZBIR, Dept. of Physics Cekmece Nucle
Research and Training Center, 1STANBUL, TURKEY

The available information on the neutron induced {n,x) re
as well as the reaction cross sections are reviewed for ti
interval of 9€Z €92 at 14.5 MeV neutron energy, the choic
this energy being mainly due to the availability of inten:
neutron beams using SAMES T-400 Tow energy ion accelerato
the Cekmece Nuclear Research and Traing Center.ex

In this study, it was found that the ratio of 6*P/{14.5-
shows an exponential form as a function of (N-Z) where € f
the (n, %) threshiid energy and (N-Z) is the neutror exc&.
the target nucleus. This realationship can be eapressed by
following empirical equation

_ . .-b(N-2) 1/3 a=65.034
G=ae (14.5-E,,) '/ mb { o

where E,, is in MeV. The good fit of this empirical formu
the exp&pimental cross sections for 9 € Z £ 92 can be use
quick estimation of the unknown cross sections.

PA 83 Dependence of Knock-on Collision Electron

Emigsion on the Orientation of Swift Diclusters

in Solids.* J.M. PITARKE, Fisika Teorikoa Saila,

Euskal Herriko Univertsitatea, Spain and P.M.
ECHENIQUE, Materialen Fisika Saila, Euskal
Hexriko Univertsitatea, Spain, and R.H. RITCHIE,
Oak Ridge National Laboratory.--- Calculations of

the cluster-orientation dependence of the emitted
knock-on collision electron distributions when
fast diclusters interact with the condensed
matter aie presented. The scattering by each
centre of the dicluster is described by means of
the phase shifts of a velocity dependent Yukawa
potential describing the dynamic screening, and
the interference effects are approximated within
the second Born approximation. The applicability
of +this approximation as the charges and
velocities of the diclusters are changed is also
discussed.

* Research sponsored by the Eusko Jaurlaritza and
by the office of Health and Environmental
Research, U.S. Department of Energy, under
contract DE-AC05-840R21400 with Martin Marietta
Enexgy Systems, Inc.

PA 84 tiple Scatteri

84 M fects on ectro
Emission by Swift Diclusters in Solids.* J.M.

PITARKE, Fisjka Teorikoa $zila., PFuskal Herriko

gn;’veytsitgtea ~_Spain and P.M. ECHENIQUE,
lMatsrialan  risika alia Euskal Herriko

Univertsjtatea, Spain.-~- Multiple scattering
effects on the cluster-orientation dependence of
the knock-on collision electrons emitted when
fast diclusters penetrate the condensed matter
are studied using methods developed in the Theory
of Low Energy Electron Diffraction (LEED). The
dynamic screening of the Coulomb potential is
described by means of a Yukawa potential with an
electron-density and velocity dependence of the
screening parameter. Numerical comparisons of
our results with experiment are.made.

* Resear~h sponsored by the Eusko Jaurlaritza.
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PA 85

. A. ABDESSELAM, J.P. STOQUERT, G. GUILLAUME, M. HAGE-ALI,
GROB and P. SIFFERT, £ &
[3

J.J.

oy, F &~ --- Accuracy in the Rutherford backscat-
tering technique, which is extensively used in material analysis,
nas been largely improveu by systematic measurements of the stop-
ping power for the light ions used as projectiles, and precise
compilation of data are available’. More recently, the Elastic Re-
coil Detection method with heavy incident dons has been
introduced?, but until now this technique suffers from a lack of
precision in the stopping power data. We have measured energy
losses of C, Al, Cu, Ti, I, Ag and Au fons in various absorbers
of C, Al, Cu, Ag, Ta and Au in the region of the stopping pow.
maximum Dy using secondary ions produced by primary incident
beams of 11 (240 Mev) and 1""Au (200 MeV). The data are of prati-
cal interest as they correspond to the maximum depth resolution.
From a theoretical point of view, calculations assume the energy
loss of fast projectiles to be proportional to 2,’L,, where Z; is
the charge and L, the stopping function. We have discvse. diffe-
rent corrections due to the effective charge and to the high
order Barkas and Bloch terms and compared them with the experi~
mental data.

1 The Stopping and Ranges of lons in Matter - Vol. 3 and 4 - Organized by
J.F. ziegler, Pergamon Pzess, 1977, 1920.

2. J. L°Ecuyer et al , J. Appl. Phys. 47 (1976} 381.

PA 86 Far uv Spectroscopy of Highly Ionized Argon
Using Complementary Techniques.

E. KNYSTAUTAS, Department de Physique, Universite
Laval, Quebec, Canada.

See Session Number: HE 3
PA 87 Electron-Atom Collisions in a Laser Field.

P.H.G. SMITH, Georgia Institute of Technology,
Atlanta, GA.

See Session Number: JA 6

PA 88 potential Applications of a New Microwave
ECR Multicusp Plasma Ion Source.

C.C. TSAI, Oak Ridge National Laboratory, oOak
Ridge, TN.

See Session Number: FF 1

PA 89 Molecular Orientation  Dependence for

Projectile - H, Collisions.
R.L. EZELL, Augusta College, Augusta, Georgia.

See Session Number: DE 5

PA 90 Electronic Stopping-Power Calculations for
Heavy Ions in Semiconductors.

Centre de Recherches Nucleaires,
Strasbourg, France.

See Session Number: DE7

PA 91 Transitions in Highly Charged Ions of Heavy
Atonms.

D.D. DIETRICH, Lawrence Livermore
Laboratory, Livermore, England.

National

See Session Number: JD 1
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SESSION DA: RADIOACTIVE BEAM EXPERIMENTS 1
Tuesday morning, 6 November 1990; Union Building, Room 410 at 9:00; W. S. Rodney, Georgetown University, presiding

DA 1 General Introduction to the Radioactive Beams. C. ROLFS, Westfalische Wilhelms Unwersitat, West Germany. (15 min.}
DA 2 RIB and Studies of the Early Universe. R. MALANEY, Lawrence Livermore National Laboratory. (15 min.)
DA 3 Primordial Nucleosynthesis and Radioactive Beam. T. KAJINO, Tokyo Metropoiitan University, Japan. (20 min.)

DA 4 Neutron Capture Cross Sections of Light Nuclei in Primordial Nucleosynthesis.

Y.NAGALI, Tokyo Institute of Technology, Japan. (15 min.)

The baryonic density fluctuations caused by the phase transition from the quark-gluon plasma to the hadronic
phase will form hagh density proton-rich and low density neutron rich x:egmns.:l in the latter regions a pri-
mordial r-process will produce heavy elements{A>12).2 Consequently it 1s important to measure neutron capture
cross sections of light elements for the quantitative discussion on the production rate of heavy elements.

The measurement was carried out by using pulsed neutrons with the energy of 30 keV and detecting prompt y~-rays
from the captured state. The pulsed neutrons were provided by the 3.2 MV Pelletron Accelerator of the Research
Laboratory for Nuclear Reactor at the Tokyo Institute of Technology. <Captured y-rays were detected by a 7.6
cn® x 15.2 cm NaI(Tl) detector, surrounded by an annular NaI(Tl) detector with the size of 25.4 cnb x 28.0 cm.
The absolute capture cross section of light nuclei was determined by comparing the prompt y-ray yield with that
of 197y, Capture cross sections of 71i and 12¢ will be discussed.

13.H. Applegate and C. Hogan, Phys. Rev. D31 (1985) 3037.
23.4. Applegate, C. Hogan and R.J. Schener, Phys. Rev. D35 (1987) 1151.
T. Kajino, G.J. Mathews and G.M. Fuller, to be appeared in Astrophs. J. 1990.

DA 5 Reaction Rate for $Li{a,ng)"'B. T. PARADELLIS, NCSR Demokritos, Greece. {15 min.)

DA 6 Radioactive Ion Beams and Explosive Nucleosynthesis.* J. G‘(")RRES, University of Notre Dame. (15 min.)

Nuclear reaction sequences in explosive hydrogen buming are determined by proton capture
reactions on proton rich nuclei far off stability (rp-process). These reactions will process light
mass CNO material, produced in previous stages of nucleosynthesis, into the intermediate mass

Fe-Ni region! Because of the small Q-values for (p,y)-reactions on nuclei close to the proton drip
line (Q <3 MeV), the stellar reaction rates will be in most cases determined by 1 or 2 resonances as
well as the nonresonant direct capture to bound states. The rates for strong reactions such as
I3N(p,/)14O can be measured directly, if high intensity (I = 1010/sec) radioactive ion beams are
available. For considerably weaker reactions an indirect determination of the reaction rates will be
necessary. While reactions with stable ion beams and targets allow the measurement of the
excitation encrgies of states closc to the proton threshold, the. measurement of proton spectroscopic

factors necessitates the use of radioactive ion beams. As an example, the reaction 19Ne(p,7)20Na 2

will be discussed and depending on the available 19Ne beam intensity, several experimental
approaches to determine the reaction rate will be discussed.

* Supported by the National Science Foundation
1 R K. Wallace, S.E. Woosley, Ap.J. Supp. 45 (1981) 389
2L.0.Lamm et al,, Nucl. Phys. A510 (1990) 503

DA 7 Status Report on RIP Project in Louvain-la-Neuve, Belgium,* W. GALSTER, Catholic University of Louvain, Belgium. (15 min.)

At present two cyclotrons arc used to produce and accelerate radioactive ion beams (RIB). In the first step
the primary (p,n) reaction delivers the radioactive species, which is extracted from the target in gaseous
form. [Jonization takes place in an Electron Cyclotron Resonance source (ECR) and the positive ions are
injected into and accelerated by a second cyclotron. The two cyclotron concept has provided first
encouraging results, 0.7 MeV/u 13N+ beams of 1.5 # 10% particles per second are now available on target.
These intensitics can be enhanced by at least ome -order of magnitude through various improvements.
Particular attention is paid to the problem of purifying the RIB from isobaric contaminants.  First
experiments will be dedicated to the study of nuclear reactions of astrophysical interest. Fatwsy:
developments will be discussed.

* In collaboration with D. Darqueanes, P. Decrock, Th, Delbar, M. Huyse, Y. Jongen, M. Lacroix, P. Leleux,
L Licot, B. Liénard, P. Lipsik, M. Loiselet, G. Ryckewaert, Sindano Wa Kitwanga, P. Van Duppen,
J. Vanhorenbeeck, J. Vervier and S. Zaremba.

DA 8 Production and Use of $He, "Be, 3Li, and Metastakle Nuclear Beams.*
F. D. BECCHETT], University of Michigan, Ann Arbor. (15 min.)

A variety of energy-resolved short-lived radioactive nuclear beams (RNB), E = 8 to 60 MeV, have been develogssa
at the University of Michigan - University of Notre Dame RNB facility! ? and used in nuclear reaction studic.
Recent improvements in the accelerator, negative ion source, RNB production targets and RNB ion optics have
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resulted in substantial increases in the intensity (to 107/s), purity, and energy (E>20 MeV) of the secondary
RXNBs. This has permitted obsenvativn and measurements of RNB induced oue and two-nucleon transfers, RNB
projectile exatativn and RNB clastic scattering. An effective method of producing usable quantities (> 10%/s) of
excited, isomeric nuclear beams, such as 13F™ (J* = 5%, E, = 1.1 MeV) has also been developed.®

*Supported in part by the National Science Foundation.

IR.L. Stern et al., Rev. Sci. Instr. 58, 1682 (1987).

2].3. Kolata et al., Nucl. Instrum. Meth. B40/41, 503 (1989).
3F.D. Becchetti et ol,, Phys. Rev. CR (in press).

DA 9 Possibilitics for Radioactive and Isomeric Beams from the New Generation of Recoil Mass Spectrometers.
T. M. CORMIER, Texas A&M University. (15 min.)

DA 10 The A1200 Mass Separator. B. M. SHERRILL, Nanonal Superconducting Cyclotron Laboratory. (15 min.)

At the National Superconducting Cyclotron Laboratory a section of beanline, called the Al209,
has been constructed betueen the K1200 cyclotron and the transfer beamlines to the
experimental devicss. The A120C will be used as a projectile fragment separator for making
radicactive beams with energies between 30 and 200 MeV/nucleon. The fragments are foraed at
a production target at the start of the A1200. A 45 deagree bend is used to select those
fragments with a desired mass-to-charge ratio, then the fragment beam cun ke purified by
inserting a piece of degrading material at zn intermediate image and using a second 45 degree
bena to remove ions which did not have the correct energy loss in the degrzder. Spacial
proiiles of the degrader can be used to minimize the €inal image size or to reduce the energy
spread of the fragments, using the techniques developed at GSI and GANIL(l). A program has
been written to evaluate the intensities and emittances of radiozctive beams which can be
produced with the A1200. The initial operating results will be compared to predictions and
rates and purities will be presented, along with some details of the separation method and
the ion-optical design. Experiments which are planned for the initial operation include
decay studies, reaction mechanism studies, elastic scattering, and single nucleon transfer
reactions with radioactive ions.

construction supported by the National Science Foundation Grant PHY8215585.
(1) K.H. Schmidt et al., Nucl. Instr. and Methods A260, 287 (1987).

SESSION DB: ION IMPLANTATION
Tuesday morning, 6 November 1990; Union Building, Room 412 at 9:00; O. W. Holland, Oak Ridge Nationzl Laboratory, presiding

DB 1 Goals and Results of the AVSCOM Initiative on Ton Implantation cf Eagineeriug Components.
LEWIS NERI, AVSCOM Depot Engineering and Reliability Centered Maintenarce Office. (20 min.)

The U.S. Army Aviation Systeas Coczmand (AVSCOM) is taking the initiative to apply
ion implantation as an eanvironzentally scceptable process to improve wear life,
corrosion protection, and reliability of existing aircraft engineering
cocponents. This initiative has involved, first, thoroughly sssessing the state
of the art of ion implezentation, both cocnercislly asad within the Aroy. Based
on thic assesszent, a progrss strategy for application of iea Izpleatation is
being fnruulated. Aircraft parts have been selected for trisl implantation and
test protocols have been developed to evaluate implanted parts. Alresdy s number
of excellent cost avoiding spplicactions for ion implantation at the Arsy aviatioa
depot at Corpus Christi has been dexmonstrated and work is wnder way to transfer
this manufacturing technology to the depot shops. This paper will provide an
overview of the goals and current status of all these initiazives by AVSCOM's
satellite organization, DERSO, at Corpus Christi, Texas.

DB 2 Applications of Ion Implantation to Maintenance of U.S. Army Helicopiers,
ROBERT J. CULBERTSON, U.S. Army Marerials ard Techrology Leboratory. {20 min.)

The maintenance and repair of helicopters involves rework of 2 wide range of high performance materials. Comporent

wear and corrosica are the primary co.icems in helicopter mainterance, and repair and/or replacement costs are -
substantial. Furthermore, toolir.g requirements are extremely severe due to the necessity of wocking with hardened exotic

materials. Qver the past several decades ion implantation has shown to be 2 beneficial surface modification technique foc

improving cortosion and wear resistance of bearing and tool raterials. However, wide 2cceptance of jon implaatation for

these applications has been slow. The U.S. Ammy is presently taking aggressive steps towards the demonstration of ion

implantation as a viable solution to some of the problems encountered in helicopter mainienance. Results froma

collaboration of the Materials Technology Laboratory, Aviation Systems Command Depot Engineering and Reliability

Ceatered Maintenance Support Office, and Cospus Christi Army Depot in the areas of ion implantation of both machine

tools and helicopter components as well as the supporting technology will be reviewed.

DB 3 Ion Beam Processing of Metal Surfaces for Improved Corrosion Resistance.?

E. McCAFFFRTY,? Naval Rescarch Laboratory. (20 min.)

Various 1on beam techniques are being employed at the Naval Research Laboratory as methods
of modifying the surfaces of metals to improve their corrosion resistance. These techniques
include ion implantation, ion beam mixing, and ion beam assisted depcsilion of coatings. The
advantages of each of these methods will be discussed, as well as the corrosion behavior of
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various systems produced by these three techniques. Examples will include the corrosion
bshavior in acid solutions of ion implanted and ion beam mixed palladium into titanium,
improvements in the pitting resistance of aluminum by ion implantation, and the corrosion
behavior of various ion beam assisted deposited coatings. Where appropriate, the corrosion
behavior will be interpreted in terms of a fundamental electrochemical approach, e. g., the
pitting behavior of aluminum will be explained in terms of the recently developed pH of zero
charge model of pitting.

1 Supported by the Office of Naval Research.
2 With P. M. Natishar: and G. K. Hubler.

DB 4 Plamsa Imrucrsion Yon Implantation for Semiconductor Processing. N. W. CHEUNG, University of California, Berkeley. (20 min.)

"ging an zlectrop cyclotron resonance (ECR) discharge for high ion density generation
ard by immersing « negatively biased target in the ECR plasma, the implantation dose
ras4 can be increased by factors of hundreds over conventional ion implanters. With
the high current capability of Plasma immersion ion implantation (PIII), the throughput
of fintegrated circuit implantation steps can be substantially increased. The
implantation depth profilaes of PIII can be controlled by the substrate bias, gas
pressure, and the duty cycle and frequency of the applied voltage pulses. Furthermore,
the plasma constituents of PIII can be controlled independently by the ECR source to
change the abundance of different ionic species. The PIII technique can also perform
both ion implantation and thin-film deposition simultaneously, using a triode
configuration, which is sell-suited for ion beam modification of solid surfaces. We
have used PIII to, demonstrate new VLSI processing technologies for sub-100nm pn
junction formation', conformal doping of high aspect-ratio trenches', gettering of
metalilic impurities in Si2, and selective seeding for electroless plating of copper
interconnects'. Performance of engin%ering PIITI reactor capable of procassing 10-
inch diameter wafers will be described”.

1N.W. Cheung (in press), Presented at the VIII International Conference on Ion
Implantation Technology, Surrey, 1990.

20lan et al {in press), Proceedings of the 176th Electrochemical Socizty Meetings,
Foxt L ‘.exrdale, 1989.

3 0lan et al (in press), Presented at the VIII International Conference on Ion
Implantation Technology, Surrey, 1990,

DB 5 Thin Film Growth Using Low-Energy Ions: Low-Temperature Kinetics for Epitaxy and Chemical Reactions,*
N. HERBOTS, Massachuset’s Institute of Technology. (20 min.)

Low energy (< 1 keV) ions are presently used in a variety of thin film growth tecliniques. These techniques range from jon
beam deposition (IBD) whese the films are directly grown from an ion beam to Ion Assisted Deposition (IAD) where ionized
species contribute to the growth process in combination with other particle beams or enhance growth without being directly
incorporated to the material being deposited. Two important effects of low encrgy ion bombardment are the athermal
enhancement of atomic mobility and the subsequent modification of growth kinetics this creates. Both canleadtoa
significant lowering of the temperature necessary to induce specific processes such as epitaxial growth and chemical
reactions. We will review the present understanding of the atomistic mechanisms by which the temperature is lowered for
semiconductor epitaxial growth and oxidation and how it can be applied to select deposition conditions for both IBD and
JAD. We will also discuss our most recent results on room temperature Jon Beam Oxidation (IBO) of GaAs and
demonstrate how the low temperature processing conditions enabled by the use of low energy ion beams render possible not
only unique growth conditions but the formation of metastable phases that cannot be grown by purely thermal means.

* Suprorted by the IBM grant to MIT, the Carl Soderberg Professorship, and the Physical Electronics Division of Perkin-Elmer.

DB 6 An Investigation of Ion Implantation Damage in Silicon Using Wafer Curvature Measurcments.
C. A, VOLKERT, AT&T Bell Laboratories, Murray Hill, (20 min.)

The damage produced by MeV ion implantation in silicon has been studied using wafer curvature measurements.
These measurements are extremely senmsitive to changes in the volume of the bombarded region, as well as to
plastic fi~w in response to the stress imposed by the substrate, and are therefore ideally suited for investigating
damage creation, motion and annihilation. Results will be presented from two sets of experiments. The first set
meacures the stresses created during amorphization of silicon by ion bombardment, in which. plastic flow of
amorphous silicon is observed while the ion bam is on. The second set of experiments involves a careful study
of low dose damage in both crystalline and previously amorphized silicon, Values are obtained for the damage
cascade diameter, density of the damaged regions, and the activation energy for damage annihilation. Distinct
annealing regimes were observed during heating both the amorphous and crystalline silicon after implantation.
The nature of the damage is discussed and compared for these two phases of silicon.

Collaboration with K. Allen and D. C. Jacobson is gratefully acknowledged.

DB 7 Defects in MV Ion-Implanted Si Probed by Positrons.
B. NIELSEN, Associated Universities, Incorporated, Brookhaven National Laboratory. (20 min.)

Vol. 35, No. 8 (1990) 1724




‘1uesday Morning

SESSION DC: PHOTON-ION INTERACTION USING FAST BEAMS
Tuesday morning, 6 November 1990; Physics Building, Room 102 at 9:00; D. J. Pegg, University of Tennessee, presiding

DC 1 Study of Correlations with Ions (Theory).* A. R.P. RAU, Louisiana State University, Baton Rouge. (20 min.)

This talk will be primarily on two-electron states of the negative ions, H- and He-, Both doubly excited states, particularly
at high excitation, and two-electron continuum states just above threshold are dominated by the correlations between the
two electrons. The structure of these states, and the attendant implications for their excitation and gecay, will be
discussed. Similar states have also been observed, although less extensively, in positively-charged ions like C++ and NS+
through ion-atom collisions. They shed light on the way correlations scale with the nuclear charge. The primary
conclusion from all these studies is that to understand highly correlated states, it is best to view the (core + € + ¢) system
as one whole, rather than split the pair of electrons according to any independent particle scheme,

*Supported by the National Science Foundation,

DC 2 Photodetachment of the H™ Yon.* C.R. QUICK, JR., Los Alamos National Laboratory.** (20 min.)

Recent results concerning electron detachment from the H- ion induced via 1) infrared
nultiphoton absorption near the one-electron detachment threshold (0.754 eV), and 2)
single photon uv excitation of two-electron excited state resonances are oprcuntod and
discussed. An H- beam moving at a relativistic velocity (2.5 x 10 cm/sec) wvas
intersected with the focused output from a pulsed, linearly polarirzed, CO, TEA laser
with peak intensities on the order of a few GW/cm® to examine the multiphoton
absorption process. The fourth harmonic (266 nm) of Nd:YAG laser was used to excite
the doubly-excited state resonances in H. The Doppler effect was usad to carry out
a systematic variation of the center-of-mass (CM) photon energy, over a wide range by
simply adjusting the angle between the ion and laser beams. In the multiphoton
absorption work, electron detachment was observed at photon energies where as few as
2 and as many as 8 photons are required to get above the 1-electron detachment
threshold (EDT) of H-. Electron yield vs. photon energy plots exhibit structure that
is laser intensity dependent. Electron yield vs. laser pulse energy data was obtained
at a few selected CM wavelengths and laser pulse energies. In the single-photon uv
laser work, humerous resonances within the H continuum corresponding to two-electron
excitation processes were observed. The doubly-excited resonances appear to be of the
Feshbach type. A simple, semi-empirical recursion formula predicts the resonance
energy levels, Some practical accelerator applications of this work will also be
discussed. .

*Regsearch carried ut at the Los Alamos Meson Physics Facility (LAMPF) under the
auspices of the US DOE, supported in part by the Office of Basic Energy Sciences.
**This work was carried out in collaboration with: H.C. Bryant, C.Y. Tang, P.G.
Harris, A.H. Mohagheghi, R.A. Reeder, H. Tootoonchi (U. New Mexico), S. Cohen, J.B.
Donahue (Los Alamos National Laboratory), W.W. Smith (U. Connecticut), J.E. Stewart
(Western Washington U.), H. Sharifian (California State U.).

DC 3 Photodetachment of Metastable He™.* J. S. TI-IOMPSON,t The University of Tennessee, Knoxville. (20 min.)

A crossed-beams apparatus has been used to measure angular distributions and cross sections for photodetaching
electrons from metastable He™. Cross sections for photodetaching He (2'P) via the He(2°P) and He(2°S) exit channels
were determined. The precision of the cross section measurements was enhanced by exploiting the kinematic effects
associated with detachment from a fast beam source. Radiative attachment cross sections are derived from the
photodetachment results using the principle of detailed balance.

*This work was performed in collaboration with D. J. Pegg, J. Dellwo, G. D. Alton, and R. N, Compton at the Univ. of
Tennessec and Oak Ridge National Laboratory. Research supported by the Office of Basic Energy Sciences, Division
of Chemical Sciences, U.S. DOE, under Contract No. DE-AC05-840R21400 with Martin Marietta Energy Systems, Inc.

Present address: JILA, Univ. of Colorado and NIST, Boulder, CO 80309.

DC 4 High-Resolution Photodissociation Spectroscopy of Doubly Charged Positive Ions.*
W. C. LINEBERGER, University of Colorado and JILA, Boulder. (20 min.)

Doubly charged molecular positive ions are cxamined by a new high-resol. tion spectroscopic technique. The spectra yield information
about the clectronic structure, chemical bonding and geometry of the doubly charged molecular ions. Little spectroscopic data 1s
available for these compounds because of the difficulty of performing such an experiment on very unstable molecular species. The
doubly charged positive fons are formed by electron impact of the neutral precursor, mass selected and coaxially merged with a laser
beam The positive ions are clectronically excited and photodisso<iated by either a visible (dye) or infra-red (titanium sapphire)
tunable single-mode lascr  Structural and potential encrgy curve information about the ground and excited electronic states are
obtained from the photofragmentation spectrum. Additionally, the dynamics of the photodissociation can be elucidated by analyzing
of the spestral linewidths of the individual rotational lines. Results on N,** and NO** will be presented.

* Work supported in part by AFOSR High Encrgy Density Materials Program.

DC 5 Photodetachment of Molecular Negative Yons. C. W. WALTER, SRI International. (20 min.)
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DC 6 Laser Measurements of QED Effects in Heliumlike Boron.* T. P. DINNEEN,* Argonne National Laboratory. {20 min.)

We have measured the wavelengths of the 1s2s 35 - 1s2p 3p° transitions at 282 nm using laser
induced fluorescence. These measurements are compared with the latest calculations which
include electron correlation, relativistic and QED corrections. Ions in,the 1s2s metastable
state were extracted and accelerated from the ECR ion source injector of the Argonne ATLAS
accelerator. The 30 keV B3t beam was overlapped collinearly with the frequency doubled
output of a Coherent 699 ring dye laser. The parallel and antiparallel laser measurements
eliminited the Doppler shift from the results. The absolute wavelengths were measured
velative to a standard iodine absorption cell using the fundamental of the laser at 564 nm.
A comparison of the fine structure measurements with calculations of Drakel show s;gniflcanc
discrepancies which are attributed to uncalculated relativistic terms of order atzs,

*Work supported by the U.S. Department of Energy, Office of Basic Energy Sciences, under
contract W-31-109-ENG-38.

*Work done in collaboration with N. Berrah Mansour, H. G. Berry, and L. Young.

1. W. F. Drake, Can. J. Phys. 66, 586 (1988).

DC7 Inner-Shell Photoionization Studies Using Yon Beams and Synchrotron Radiation.*
BRANT M.J OHNSON,' Brookhaven National Laboratory. (20 min.)

The inner-shell photoionization of ions is of both fundamental and applied interest. Theoretical
studies have been in progress for years, but until recently, there were no experimental measurements,
Applications abound in astrophysics and laboratory-plasma research, but many basic theoretical
predictions remain untested. There are many open questions. For example, are total photoabsorption
cross sections affected by the removal of a few outer-shell electrons; will additional Cooper minima
be observed along isonuclear sequences as outer-shell electrons are removed; and can measurements of
vacancy cascades following inner-shell electron removal be understood through theoretical modeling?
While photodetachment, outer-shell photoionization, and multiphoton ionization can be studied
with lasers, the removal of tightly-bound inner-shell electrons through single photon-ion interactions
requires the use of hard x rays from facilties such as the x-ray ring o% the National Synchrotron Light
Source (NSLS). Recent experimental results from NSLS beam line X26C and future plans to further
investigate the inner-shell photionization of ions will be presented.

*Research supported by the Division of Chemical Sciences, Office of Basic Energy Sciences,
US Department of Energy under Contract No. DE-AC0O2-76CH00016.

tn collaboration with K. W. Jones, M. Meron, M. Frankiin, and R. Hedeman

DC 8 Photodetachment from Negative Jons in Strong Electromagnetic Fields,* D. J. LARSON, University of Virgima. (20 min.)

Photodetachment from negative ions near the single photon threshold has been studied in the presence

of strong infrared and microwave fields. In the experiments using infrared fields an infrared beam

of up to 10! W/cm? overlaps a tunable ultraviolet probe beam in a Penning idn trap containing c1”

ions, The experiments have been done at two wavelengths, 1,06 pm and 1.91 pm. The data are fitted

to a model which includes a threshold shift and_two-color, two~photon detachment, In the experiments
using microwave fields, photodetachment from C1 and S was studied using ion beams. Detachment in

a 2,6 GHz field with strengths of up to 3 KV/cm was measured using tinme-of-flight spectroscopy of the
resulting neutrals, Below threshold detachment and oscillations on the cross section above threshold
were observed, consistent with detachment in a static electric field. The experiments raise interesting
questions about detachment or jfonization in oscillating fields.

*Supported in part by the National Science Foundation.

SESSION DD: POSITRON BEAM EXPERIMENTS AND FACILITIES 1
Tuesday morning, 6 November 1990; Union Building, Golden Eagle Suite A at 9:00;
L. D. Hulett, Oak Ridge National Laberatory, presiding

DD 1 Future Prospects of Linacs in Positron Microanalysis.* K. F. CANTER, Brandeis University. (20 min.)

Ov: » the past 40 years, positron annihilation spectroscopy (PAS) has evolved into a powerful probe of the electronic
and defect structure of solids. With the advent of slow positron beams over the last twenty years, PAS can also
now be precisely targeted to study interfaces, surface and near-surface regions of a large range of systems.! The
recent application of brightness enhancement? to positron beams enables one to efficiently focus positrons down
to a few microns® and promises to make submicron resolution PAS studies a practical reality in the near future.
Linacs have been used successfully to produce high fluxes of positrons but with insufficient brightness for purposes
of microanalysis. This talk will deal with the benefits to be gained in using linac-produced positron beams for
positron microanalysis as well as some of the considerations necessary to incorporate the pesitron microbeam
technology with the linac.

*Work supported in part by NSF Grant DMR-8820345.

1p.J. Schultz and K.G. Lynn, Rev. Mod. Phys. 60, 701 (1988).

3A.P. Mills, Jr., Appl. Phys. 23, 189 (1980). .
3G.R. Brandes, K.F. Canter, T.N. Horsky, P.H. Lippel, and A.P. Mills, Jr., Rev. Sci. Instrum. 59, 228 (1988).
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DD 2 Search for Resonances in Electron-Positron Scattering Using a Cold Positron Gas Target.
T. E. COWAN,* Lawrence Livermore National Laboratory. (20 min.)

The recently discovered correlated positron-electron peaks' enitted from superheavy
nuclear collisions may be signatures for previously undetected neutral particle-like
objects having masses of 1-2 MeV/c’. We have designed an experiment to definitively test
this hypothesis by searching for resonant states formed directly in the scattering of
monoenergetic electrons incident on a gas of cold positrons confined in a Malmberg-~
type Penning trap. This technique will provide an improvement in sensitivity for
detecting new neutral particle-like objects of two orders of magnitude over that of
present positron-beam, thin-foil scattering experiments?, which are fundamentally
limited by the momentum of the atomic electrons. Combined with a recoil-shadow
technique, this experiment will explore the entire four decade range in possible
neutral particles lifetimes (10™s to 10%s) which cannot bz probed by other methods.

Work performed under the auspices of the U.S. Dept. of Energy by the Lawrence Livermore
National Laboratory under contract number W-7405-ENG~48.

T, cowan el al., Phys. Rev. Lett. 56 (1986) 444; and T.E. Cowan and J.S. Greenburg,
Physics of Strong Fields (Plenum, New York, 1987), p. 111.

K. Maier etal., Z. Phys. A 330 (1988) 173: H. Tsertos etal., Phys. Lett. B 207 (1988)
273.

5R.H. Howell etal., NIM B10/11, 373 (1985)

*In Collaboration with R.H. Howell, and R. Rohatgi, Lawrence Livermore National

Laboratory, Livermore, CA and J. Fajans, University of california at Berkeley,
Berkeley, CA.

DD 3 Absolute Differential and/or Total Cross Sections for the Scattering of Positrons from Helium and Other Noble Gases.*
L. M. DIANA, The University of Texas at Arlington. (20 min.)

We have been using our 3m high resolution time-of-flight spectrometer to measure absolute differential and
total elastic scattering cross sections and absolute total excitation and ionization cross sections for positrons
incident on helium at energies up to 100 eV and our 2.3 m spectrometer to determine absolute total ionization
and positronium formation cross sections for positrons colliding with helium and other noble gases at energies
ranging from threshold to intermediate values. We shall present, discuss, and compage with theory some cf our
results for these cross sections and for the energy distributions of ionization electrons. )

;Supported in part by NSF Grant PHY-8506933.
It is a pleasure to acknowledge the major contributions of R. L. Chaplin, D, L. Brooks and P. G. Coleman and
the energetic efforts of our many student collaborators.,

DD 4 Experiments in Atomic Interactions Using an Intense Positron Beam,
RICHARD H. HOWELL, Lawrence Livermore National Laboratory. (20 min.)

After the instillation of the first intense positron beam at the 100 MeV electron linac at
Livermore the beam was used to study positron-surface interactions. More recently a series of
experiments using the beam to study the properties of the electon-positron bound state, positronium,
have been initiated. The results of measurements of the spectroscopy of high n states of positronium
will be given and same potential future experiments will be described. Work performed under the
auspices of the U.S. Department of Energy by the Iawrence Livermore Natl. Iaboratory under contract
N. W-7405~ENG~48.

DD § Interface Studies Using Positron, K. G. LYNN, Brookhaven National Laboratory. (20 min.)

DD 6 Design of an Intense Slow Positron Beam Production System Using a 100-kW Electron Linac for Positron Factory,
S. OKADA, Takasaki Establishment, Japan Atomic Energy Research Institute, Japan. (20 min.)

The JAERI has started drafting a construction plan of "Positron Factory", in which intense energy-
tunable monoenergetic positron beams are produced by a high~power electron linac and are used for
materials characterization and basic researches. A tentative goal of the slow positron beam in-
tensity is 10'° 7!, A rough and conservative estimation based on the enpirical data has shown
that the intensity can be attained with a linac of 100kW class whose beam enargy is around 100MeV.
Wo have estimated the optimal combinetion of the incident electron energy and the goometry of the
electron/positron converter and the positron moderator by Monte Carlo calculations. The heat re-
noval system of the converter, the shielding and the confinement/ventilation of the activated air
have been also investigated in relation to the electron beam energy. In this article is presented
a present status of the conceptual design.

DD 7 Positron Annihilatios. for Investigating Crystal Defects and the Structure of Disordered Media.*
H.-E. SCHAEFER, University of Stutigart, Federal Republic of Germany. (20 min.)

Recent studies of defects in semiconductors and metal oxides will be overviewed with particular reference to positron
lifetime measurements at hight temperatures. In addition, the potentials of positron annihilation for structural inves-
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tigations of disordered media, e.g. nanocrystalline materials, will be demonstrated. Results fror bea.w sad uon-beam
experiments will be presented.

*Supported by the Deutsche Forschungsgemeinschaft.

DD 8 A TOF Mass Spectrometer for Studies of Positron-Molecule Interactions,
L. D. HULETT, Oak Ridge National Laboratory. (5 min.) (Invited Poster Paper: See Poster Display PB’ 43)

Slow positrons captured in & Penning trap are thermalized with a cooling gas and allowed to interact with large molecules. The
Penning trap is required to have a large fickd-free central zone in order to contain the positrons and ions produced. Time-of-flight
spectrometry is the more practical technique for studying the jons produced, but the large region from which the ions ongina!c
requires that the spectrometer resolution be insensitive to the starting position of the ions. A spectrometer has been designed in
which the accelerating potential is proportional to the square of the distance from the detector. The equation of motion for ths
jons is the analogue of that for the mechanical oscillator moving under a Hook's law force:

X = X, Cos(gt) + (v/g)Sin(gt)

X and t are the distance and time coordinates of the ion during its flight; X, is the initial distancc of the ion from the dctect,gr, and
v is the initial velocity at the time of its creation; g is proportional to the reciprocal of the period. For small initial velocities the
time of flight to the detector is insensitive to X,. Performance of the spectrometer will be discussed.

SESSION DE: ATOMIC PHYSICS AND RELATED PHENOMENA
Tuesday morning, 6 November 1990; Physics Building, Room 104 at 9:00; C. A. Quarles, Texas Christian University, presiding

-DE 1 Low-Energy Positron Scattering from Atomic Hydrogen.
A.SCHWARB, University of Bielefeld, Federal Republic of Germany. (20 min.)

The first and, so far, only experimental results on scattering of positrons from atomic hydrogen are
reported. Total ilonization cross sections as a function of energy have been measured at the University
of Bielefeld (1) with a positron beam from a weak radioactive source. Due to the low beam intensity

¢ 104 e+/sec) no other processes, as Positronium-formation or differential elastic scattering, could
yet be investigated. In a collaborstion with groups of the Brookhaven National Laboratory and the City
College of New York these measurements will now be done using the high intensity (up to 109 e*/sec)
positron beam at BNL (2), the concept of which will also be briefly discussed.

*present address: Brookhaven National Laboratory, Department of Physics’

(1) 6. Spicher, B. Olgson, W. Raith, G, Sinapius, and W. Sperbex;Phys. Rev. Lett. 64,9 (1990),1019

(2) K. Lynn, M, Weber, L.0. Roellig, A.P. Mills,Jr., and A.R. Moodenbaugh in:
Atomic physics with positroms, eds.: J.W., Humberston and E.A.G. Armour; NATO ASI series B Vol. 169
(Physics), 161

DE 2 First Measurement of Hyperfine Structure by Laser-rf Double Resonance in Ny+.*
N. BERRAH MANSOUR,* Argonne National Laboratory. (20 min.)

The ion-beam laser-rf double resonance technique has been used to make high-precision
measurements in the X 2L (v*wl) of Np¥. Laser induced fluorescence was observed from a 25
keV ion beam which was superimposed with the output of an actively stabilized ring dye
laser. Direct measurements of the spin-rotation and hyperfine splittings in the X 2L (v'=1)
electronic ground state of Ny* were made. This technique has the advantage of breaking the
cérrelation between upper and lower state hfs that often clouds interpretation of even very
high resolution optical spectroscopic data. The magnetic hyperfine parameters were
determined with better precision than earlier results using only optical spectroscopy and
the electric-quadrupole hfs parameter eqQ was determined for the first time.

*Work supported by the U.S. Department of Energy, Office of Basic Energy Sciences, under
contract W-31-109-ENG-38.
*Work done in collaboration with T. P. Dinneen, C. Kurtz, and L. Young.

DE 3 Photofonization of Excited Atoms Using Synchrotron Radiation,*
J.J.LEVENTHAL,! University of Missouri, St. Louis. (20 min.)

Experimental studies of photoionization of atoms in low-lying excited states have recsived a great deal of
attention in recent years. Largely ignored however have been experiments in which the energy
dependence of the photoionization cross section near threshold is acquired for atoms in highly excited
states. Because of the large spatial extent of these highly excited atoms such experiments can reveal
atomic properties not usually observable with atoms in the ground or low-lying excited states. Specific
experiments in which ir synchrotron radiation is to'be used to photoionize highly excited atoms created by
two-step laser excitation as well as pilot experiments with a CO, laser will be discussed.

* Work supported by the National Sclence Foundation.
1 In collaboration with C. E. Burkhardt, M. Ciocca and S. T. Manson.
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DE 4' Tl h'e Excitation of Sediumlike Argon Ions by High-Energy Projectiles.
I. KADAR, Hahn-Meitner Institut, Berlin, Germany. (20 min.)

The Auger clectron spectrum emitted by singly excited sodium-like argon ions has been
investigated by means of high resolution (° projectile Auger spectroscopy at high impact
energy. The lines found in the experimental spectrum were assigned to the corresponding
Auger transitions by using the theoretical transition energies and their differences as well as
the relative intensities (PWBA collision strengths) calculated using the configuration
interaction Hartree-Fock code by Cowan'. The Auger electron spectrum is due to the decay
of levels in the sodium-like Ar populated by single monopole, dipole and quadrvpole
excitation by He atoms. The intensities due to monopole excitation are significantly higher
than the PWBA expectation. The structure of the emitted electron spectrum is found to be
deeply influenced by configuration interaction. The screening effect of the target electrons
seems to be responsible for the deviation of the ratio of the intensities due to monopole and
dipole excitation from the PWBA estimate,

* on leave from Institute of Nuclear Research of the Hung. Acad. of Sci, Debrecen, Hungary
In collaboration with: H. Altevogt, R. 1 3hrbriick, V. Montemayor, A. Mattis, G. Schiwietz,
B. Skogvall, K. Sommer, U. Stettner, and N. Stolterfoht, Hahn-Meitner Institut Berlin GmbH,
Glienicker StraBe 100, D-1000 Berlin 39

1. R.D. Cowan, The Theory of Atomic Structure and Spectra, University of California Press,
Berkeley, 1981

DE 5 Molecular Orientation Dependence for Projectile-H, Collisions.*
R.L.EZELL,! Augusta College. (5 min.) (Invited Poster Paper: See Poster Display PA 89)

The cross sections for the jonization plus excitation and double excitation of H; have been measured for
equivelocity electrons and protons on Hj as a function of orientation of the internuclear axis. The projectile
energies ranged from 0.5 to 3 MeV/u. The data can be fit to an expression of the form

o(8) = oo(1 + A cos20).
The excited states of Ha* included the 2poy, 250, and 2pm,.

* Supported by the National Science Foundation.
t Co—workers are A. K. Edwards, R. M. Wood, M. L. Dittmann, and J. F. Browning.

DE 6 Correlation in Ion-Atom Collisions.* A. L. FORD, Texas A&M University. (20 min.)

vue to the strong electron-nucleus force in the target atom, many atomic collisfion processes are
well-described within the independent particle model. But in cases involving transitions of two
or more electrons, dynamical correlation between the electrons during the collision can be
important. One such example is the double ionization of helium, where one manifestation of the
correlation is the large difference in double ionization produced by protons and antiprotons.
Further work on double ionization of helium is reported, and the double ionization mechanism
discussed. The related problems of double photoionization, of double excitation, and of excita-
tion plus ionization are discussed and compared to double fonization.

¥Work done in collaboration with J. F. Reading. Supported by the NSF under grant PHY-8707383.

DE7 Electronic Stopping-Power Calculations for Heavy lons in Semiconductors.
S. G. ELKOMOSS, Centre de Recherches Nuclearres, France. (5 min.) (invited Poster Paper. See Poster Display PA 90)

A model for ton stopping in semiconductors, which considers separate stopping contributions from valence and core
clectrons and explicitly includes the effect of the gap, has been used to calculate the electronic stopping-power of energetic
B, P and As in Si, Ge, GaAs ard CdTe for projectile cnergics 10 keV - 100 MeV. Account was taken of the partially
stripped incident ions by means of the effective charges. The proton effective charge has also been considered for the
0 <(Vy/Vp) S 3 range where Vy and Vg are the projectile and Bohr velocities, respectively. There is good agreement at
low ion velocity with Lindhard and Scharff’s values, which for heavy ions do not depend on effective sharge theory, as
well as with the semiempirical curves at energies E 2 0.2 MeV/nucleon where they can be compared.

SESSION DF: ACCELERATOR TECHNOLOGY ’
Tuesday morning, 6 November 1390; Union Building, Room 418 at 9:00;
R. D. Rathmell, National Electrostatics Corporation, presiding

DF 1 The Advanced Light Source at the Lawrence Berkeley Laboratory,* ALAN JACKSON, Lawrence Berkeley Laboratory. (25 min.)
The Advanced Light Source (ALS), a National facility currently under construction at the Lawrence Berkeley
Laboratory (LBL), 1s a third-generation synchrotron light source designed to produce extemely bright beams of
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synchrotron radiation, in the energy range from a few eV to 10 keV, The design.is based on a 1 - 1.9 GeV
electron storage ring (optimized at 1.5 GeV), and utilizes special magnets, known as undulators and wigglers
(collectively referred to as insertion devices), to generate the radiation. In this paper we describe the main
accelerator components of the ALS, the variety of insertion devices, the radiation spectra expected from these
devices, and the complement of experiments that have been approved for initial operation, starting in April 1993,

*This work was supported by the Director, Office of Energy Research, Office of Basic Energy Sciences, Material
Sciences Division, U, S. Department of Energy, under Contract No. DE-AC03-76SF00098.

DF 2 General Purposes Compact Synchrotron Radiation Sources.

H. O. MOSER, Institut fur Mikrostrukturtechnik, Kernsforschungszentrum Karlsruhe, Germany. (20 min.)

Besides the development of synchrotron radiation sources of the 3td generation it seems important to work also on general-
purpose synchrotron radiation sources which are less expensive and offer easy access for a broad user community from
research, industry, and the medical field. The radiation spectrum of these sources must extend into the hard X-ray range since
most of the X-ray analytical methods and promising schemes in industrial production and medical diagnosis need this feature.
Superconducting bending magnets, are likely to play an important role in these machines, either to make the source compact
or to ensure & hard spectrum at moderate beam energy, or both. Furthermore, some insertion devices will be included for
higher brightness and brilliance requirements. Some of the design criteria for, a possible lay-out and the status of such

sources are discussed.

DF 3 The Design of the rf Cavity for the Heavy Ion Storage Ring for Atomic Physics at Oak Ridge.*
S. W. MOSKO, Oak Ridge National Laboratory. (20 min.}

An rf cavity and drive system have been designed for the proposed "Heavy lon Storage Ring for Atomic Physics,”
HISTRAP, at Oak Ridge. A peak accelerating voltage of 2.5 kV per-turn is required, with a continuous tuning
range of 200 kHz through 2.7 MHz. A single-gap, half-wave-resonant configuration is used with biased ferrite
tuning. The cavity structure is completely outside of the beam line/vacuum enclosure, except for a single rf
window that serves as an accelerating gap. Physical separation of the cavity and beam line permiits in situ
vacuum baking of the beam line components at 300°C. A prototype cavity was built and tested.! Development of
frequancy synthesizer and tuner control circuitry is under way.

*Research sponsored by the U.S. Depariment of Energy under contract DE-AC05-840R21400 with Martin Marietta
Energy Systems, inc. )

1S. W. Mosko, D. T. Dowling, and D.K. leen, Proc. of the 1989 IEEE Particle Accelerator Conference, pp. 193.

DF 4 Precision Calibration of the L3 and L* Electromagnetic Calorimeters with a Radiofrequency Quadrupole Accelerator.
H. NEWMAN, California Institute of Technology. (20 min.) ’

The L3 experiment, now in operation at the LEP e e~ collider at CERN, and the o
experiment which has been proposed for the SSC, derive much of their physics
discovery potential from the use of high precision electromagnetic calorimeters.
The high resolution depends on accurate and frequent gain calibrations "in
situ". Over the last 6 years, Caltech and AccSys Technology, Inc. have developed
and tested precise, rapid calibration techniques, using a pulsed proton beam
from a Radiofrequency Quadrupole (RFQ) accelerator. The RFQ beam bombards a Li
or caF, target permanently installed in the experiment. Radiative capture of
the protons yields a high intensity flux of single 17.6 MeV photons (Li target)
or short bursts of photons which simulate a high energy photon of up to 40 GeV
(CaF, target). This pulsed photon source can calibrate the thousands of large
crys%als in the experiment with an absolute accuracy of 0.5% in a few hours, or
with a relative accuracy of 0.4% in a few minutes, using the two types of
targets.

DF 5 Potential Application of XUV Free-Electron Lasers in the Computer Chip Industry.*
BRIAN E. NEWNAM, Los Alamos National Laboratory. (25 min.)

Future free-electron lasers (FELs), when operation is extended into the exireme ultraviolet (XUV) from 4 to 20 nm, will be
axcellent exposure tools for extending the resolution limit of projection optical lithography to s0.1 um while providing
adequate total depth of focus (1 to 2 pm). The potential capability of FEL oscillators, in particular those driven by f linacs,
to produce high-average power (50-200 W) in the XUV will offset the inherently low throughput of the projection oplics
which will have about five reflections at <50% each. Wt.en operated at a moderate duly rate of 21%, one XUV FEL could
supply sufficient average power to support high-voluine chip production by multiple lithograpaic steppers operaling
simultangously Recent progress in attaining the very b.ight electron beam, short-pericd magnetic undulator, and high-
refiectance resonator mirrors necessary for XUV operatlon ts encouraging. Additionally, work is underway to develop the
other XUV projection lithography components including the reflective projection oplics, photoresists, and high-precision
alignment techniques.

*Supported by Los Alamos Intemal Program Development funds and conducted under the auspices of the U. S. Depariment of
Energy.
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DF 6 Compact Photoinjector Accelerators for FEL's.* L. M. YOUNG, Los Alamos National Laboratory. (20 min.)

A compact photoinjector accelerator has been built for the Los Alamos Free Electron Laser (FEL) Facility. This
accelerator produces a very high quality beam at 6 MeV with a peak current of 300 A and an emittance <50
n mm mrad. Two more compact photoinjector accelerators are now being designed and built that will incorporate
features which will eliminate some problems that affected the first photoinjector accelerator. One problem was
multipactin% in the coupling ceils. This problem has been avoided in this accelerator but a design change for the
coupling cell will eliminate multipacting in the new photoinjector accelerators being built. Another problem observed
in this accelerator is a small %uadrupole component in the accelerating field, which is caused by the coupling slots.
The 1rlnew design will reduce this effect also. This phenomenon was detectable only because the beam quality was
excellent,

*Work supported and funded by the US Lepartment of Defense, Army Strategic Defense Command, under the
auspices of the U.S. Department of Energy. .

SESSION DG: ATOMIC PHYSICS AND RELATED PHENOMENA
Tu~sday morning, 6 November 1990; Union Building, Golden Eagle Suites B and C at 9:00;
J. F. Reading, Texas A&M University, presiding

DG 1 Collision Measurements Using Cold Ions Produced by Synchrotron Radiation,*
D. A. CHURCH, Texas A&M University. (20 min.)

The K-shell photoionization of light atoms such as Argon, and the L-shell photoionization of heavier atoms
like Xenon, are followed by vacancy cascades leading to charge-state distributions of multi-charged ions.
Since the reco1l momentum 1s minimal, the ions have near-thermal energies, which can be preserved when they
are confined in a Penning ion trap. Broadband bending magnet radiation was focussed with a cylindrical
mirror through the center of the Penning trap to produce the ions from a static gas target. The charge-
changing collisions of these ions with the parent gas, or with other targets such as Hp or He, were studied
by recording the rate of ion loss with storage time in the trap. Measurements of the rate coefficients for
the collisions of Ard* ions {3<q<6) with argon and Hy targets yield rates typically falling below Langevin
theory. The data will be compared with trends from measurements at higher energies. Collision processes
of particular multi-charged jons having similar energies occur in laboratory and astrophysical sources.

*This research.was supported by the National Science Foundation and by the Division of Chemical Sciences,
0ffice of Basic Energy Sciences, DOE.

DG 2 Electron-Electron Interactions in Two Electron Phenomena in Collislqné of Fast Yons with He Atoms.
J. P. GIESE, Kansas State University. (20 min.)

Recent experiments and calculaions have helped clanfy the role ot electron-electron interactions in-two electron phenomena in
fast 10n-atom collisions. The goal of this work has been to find and explore collision systems where the independent electron
approximation (IEA) DOES NOT model the data well. Deviations from the IEA predictions are often described as electron
correlations. This paper reviews recent studies of double 10nization, transfer ionization, ionization excitation, and double
excitation following vollisions of fast 1ons with He atoms. Clear indications of electron-electron interactions have been observed
in each of these phenomena. The expenmental and theoretical results will be compared with, emphasis on the conceptual models
of electron correlation. '

Prepared in collaboration with J.O.P. Pedersen, University of Aarhus, Aarhus, Denmark.?

1Supported in part by the U.S. Department of Energy, Office of Basic Energy Sciences.

Supported in part by the Carlsberg Foundation.

DG 3 First Ion Collision Experiments with Highly Charged Ions Extracted from an Electron Beam Ion Trap.
M. C. CLARK, Lawrence Livermore National Laboratory. (20 min.)

Highly charged Ar (up to 18+), Xe (up to 48+), and U (up to 71+) jons produced through clectron impact jonization and
excitation in an electron beam ion trap (EBIT) have efficiently been extracted from the trap, and mass and charged analyzed.!
Charge state dismbuuons fur Ar and Xe 1ons following eletron impact iomzation/excitaton have been measured. Relative yields
for the production of Ar'5* and Xe#4* 1ons have been deduced as a function of electron beam energies. The dielectronic
recombination in H', He' and Li-like Ar and Fe has been measured via charge state analysis of extracted ions as a function of
cleciron beam energy. Ar K and Xe L x-ray emussion following Arl?+, Ar18+ and Xe44+, Xe#5+ and Xe48* jon impact on a Cu
surface was measured. The observed line positons demonstrate electron capture 1nto high n states and a fast radiative decay in
the neutralization process at the surface.

*Work performed under the auspices of the U.S. Department of Energy by the Lawrence Livermore National Laboratory under
contract number W-7405-ENG-48. .

+Kansas State University, Manhautan, Kansas
+Manne Sicgbahn Institute, Stockholm, Sweden
+HSandia Laboratories, Livermore, California

1. D. Schneider, D. Dewntt, M. C. Clark, R. Schuch, C. L. Cocke, R. Schmieder, K. J. Reed, M. H. Chen, R, Marrs, M.
Levine, R. Fortner, to be published in Phys. Rev. A.
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DG 4 Forbidden Transitions in One- and Two-Electron Ions, R, W. DUNFORD, Argonne National Laboratory. (20 min.)

DG 5 Projectile Scattering-Angle Dependence in Ionization of Helium by Ion Impact.
A. SALIN, Universite de Bordeaux I, France. (20 min.)

DG 6 Fast Multicharged Ion Induced Satellite Auger Electron Angular Distribution.
S. RICZ,* Institute of Nuclear Research of The Hungarian Academy of Sciences, Hungary. (20 min.)

The angular distribution of satellite Auger transitions of neon target atoms
was investigated by fast heavy ion impact. The energy resolution of the
electrostatic electron spectrometer was 1 eV for the diagram K-LL Auger lines
of neon*. We found relatively high anizotropy parameters. The alignment
parameter of O-like satellites shows a definite dependence on the projectile
charge at a constant impac% velocity. Analyzing the N-like satellite Auger
lines determined from Ne3*t-Ne collisions we found that the angular
distribution of several lines could be described only by using both A, and A
anisotropy parameters. The definite presence of A, may show the deficiency o
the independent particle approximation in describing the multiple ionization
process.

*In collaboration with: I. Kadar, J. Végh, B. Sulik, D. Varga and D. Berényi,
Institute of Nuclear Research of the Hungarian Academy of Sciences

1. I. Kadadr, S. Ricz, J. Végh, B. Suli , D. Varga and D. Berényi, Phys. Rev.
A41 (1990) 3518,

SESSION EA: POSITRON BEAM EXPERIMENTS AND FACILITIES II
Tuesday afternoon, 6 November 1990; Union Building, Golden Eagle Suite A at 14:00;
S. C. Sharma, University of Texas at Arlington, presiding

EA 1 The Microtron Accelerator Permits a Compact Positron Source. E. D. SHAW, AT&T Bell Laboratories, Murray Hill. (20 min.)

The microtron accelerator developed at AT&T Bell Laboratories currently produces macropulses with charge slightly
greater than 1.0uC at energies of 19-20 MeV. The measured vertical emittance at the exit of the microtron is (8+4)1 mm
mrad while the horizontal emittance is much smaller. In normal operations, about 304 amps cw current is delivered to a
positron moderator in 16psec pulses at 30Hz. The accelerator is being used to study stimulated emission in a helical
undulator for a free electron laser and to make pulses of 10° positrons for various solid state experiments and for laser
measurements on positronium atoms. Several important microtron improvements including a LaBg cathode, electron beam
extraction, betrer vacuum, a new cavity design, and f pulse envelope flattening will be discussed.

EA 2 New Results at the Giessen Positron Source TEPOS.*
H. SCHNEIDER,** Strahlenzentraum der Universitdt, Federal Republic of Germany. (20 min.)

At the positron source TEPOS! on the Giessen 65 MeV electron linear accele-
rator (Strahlenzentrum) ratios of K- and L-shell ionization cross—-sections by
electron and, positron impact, respectively, were measured on different Au-/
Ag-foils as function of the incident projectile energies. Near threshold a
departure of the corresponding ratios from unity is observed for K-shell
ionization. To reduce the background we are testing a special coincidence
facility. Results are discussed in detail.

To improve the beam quality of our positron source (smaller beam diameter,
lower energy spread) we are optimizing remoderation facilities in
transmission mode, specially. The extraction of the remoderated positrons is
achieved electrostatically.

Further, a new additional bremstarget facility (Platinum target) with a
shorter beam transporting system should provide e.g. a better transmission
performance for the slow positrons.

Some experiments together with the scientific positron group of the
University Mainz (G.Werth et al.) on excited states of positronium were
performed.?

* Supported by the Deutsche Forschungsgeméinschaft (DFG)}, Bonn-Bad Godesberg
(Germany) .

** Group members: W.Faust, C.Hahn, M.Riickert, H.Schneider, A.Singe, and

I.Tobehn.
| F.Ebel, W.Faust, C.Hahn, M.Riickert, H.Schneider, A.Singe, and I.Tobehn,
Nucl. Instr. a. Meth. B 50 (1990) 328 .

2 R.Ley, K.D.Niebling and G.Werth; C.Hahn, H.Schneider and I.Tobehn.
J.of Phys., accepted.

EA 3 Creation of Slow Positrons at the Ghent 90-MeV LINAC. D. SEGERS,* Rijksuniversiteit Gent, Belgium. (20 min.)

At the 90 MeV electron LINAC of the Ghent State University a beam of low-energy positrons was constructed. The convertor-
moderator set-up, the magnetic transport system and the experimentation chamber are described. Operating the LINAC at 45 MeV, at
a maximum current of 85 A and a repetition rate of 300 Hz, a positron yield of 2 107 o*/s is obtalned. Since these positrons are
bunched with the same time-characteristics as the LINAC, it is necessary to spread them out, In order to avoid pile-up in the measuring
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system, Therefore a Penning-trap was inserted in the transport system The characteristics of the positron beam (energy distnbution as
a lunction of moderator bias and magnetic guiding field) are discussed. The properties of the Penning trap and the resulting
charactenstics of the slow postron beam after the Penning trap are described. As an example, the first measurements are illustrated.

*In collaboration with J.PARIDAENS, M.DORIKENS and L.DORIKENS-VANPRAET

EA 4 Positronium and Defect Characterization in Solids with a MeV positron (¢ *) Beam,
H. STOLL, Max-Planck-Institut fiir Metallforschung, Federal Republic of Germany. (20 min.)

A monoenergetic positron beam (6 - 10%e*/s) in the energy range of 0.5 MeV < E £ 6.5 MeV (AE/E = 1071
FWHM) has been installed at the Stuttgart Pelletron aweleratur. Besides experiments un ¢*e™ scattering (Bhabha
scattering) and on ete” anmihilation- in-flight, 3% positron-lifetime measurements in solids and melts have been
performed. Among the advantages of the beanr-based 3* 7 techiique over the conventional 7y coincidence technique
are substantially increased count rates and virtually elinunated statistical backgruunds, measurements under difficult
conditions {e. g., in high-temperature melts? are simplified. Time resolved information on the evolution of the
pusitron states %e. g.. positron trapping at defects) and a sensitive detection of pusitronium formation are obtained
by a triple coincidence method (8*4E age-momentum correlation).

EA 5 Physisurpuion of Atums on Internal Surfaces of Radiation-Induced Cavities in Metals. A Positron Annihilation Study.*
S. C. SHARMA, The University of Texas at Arlington. (20 min.)

Pusitron anmililation speciroscopy (PAS) and scanning electron microscopy (SEM) have been used to study
helium bubbles in alpha irradiated samples. We present results from our receat PAS and SEM experiments
conducted on single and polycrystalline samples irradiated under identical conditions. SEM reveals significant
differences in surface murphology and PAS provides estimates for the size and concentration of the helium
bubbles. We discuss the effects of the grain boundaries and impurities on bubble growth and review
applications of PAS in the study of physisorption of simple atoms/molecules on surfaces. We alsp show that the
recently observed temperature dependance of the positron lifetime data in alpha irradiated aluminum can be
understood in terms of helium physisorption on the 1aternal surfaces of the radiation-induced cavities.

‘Supported by the Welch Foundation, Houston, Texas. Research conducted in collaboration with J. Ma, N.
Hozhabri, S. V. Naidu, C. 1. Eom, P. Sen, and G. Nambissan.

LA 6 Positrun Annthilation-Induced Angular Llectrun Spectruscopy and Its Implementation at Acceleratur-Based Low-Energy Positron :

Factories. ALEX WEISS, The University of Texas at Arlington. (20 min.)

Positron Anninilation induced Auger Electron Spectroscopy (PAES) makes use ¢f a beam
of low energy positrons to excite Auger transitions by anbihilating core electrons. Thus
the large secondary electron background usually present in coliisionally excited Auger
spectra can be eliminated by setting the pesitron beam energy well below the Auger
electron energy. This allows true Auger lineshapes to be obtalned. Further, because
the positron is localized just outside the surface before it annihilates, PAES is
extremely sensitive to the topmost atomic layer. Recent PAES results obtained at the
University of Texas at Arlington will be presented. in addition, the use of high
resolution energy analyzers with muitichannel particie detection schemes to prevent
problems due to the high data rates asscciated with accelerator based positron beams
will be discussed. This research supported by the Robert A Weich Foundation.

EA 7 Slow Positron Beam Extraction and Manipulation Using 2 Pulsed Gap Accelerator Technique.
L. D. HULETT, Oak Ridge National Laboratory. (20 min.)

The generatiun of slow positrons by an clectron LINAC source requires that the moderator be placed in close proximity to the
eleutrun target, n an emvitunment of itense gamma, beta, and neutron flux, it must be couled to temove the heat generated. The
extrauton of the pusitiuns by raising the muderator to high potentials requires insulators that can withstand the high voltages in the
presence of the radiauon cnvitunments. Also, the cooling water hines must have special insulating breaks in them.  An alternative
extracuon method 15 w use g pulsed gap avlerator technigue that lcaves the moderator at ground potential, climinating the need
for isulaturs. Such a methud s bang used at the ORNL fauility. Resulis will be repurted. Ciher applivativns of the method for
positron beam manipulation will be

discussed.

EA 8 Free-Volume Propertics of Polymers Probed by Positrons.*
Y. C. JEAN, Uncersity of Missoun-Kansas City. (5 mmn.) (Invited Poster Paper. Sce Poster Display PB 361,

Positron annihilation spectroscopy(PAS) has bheen developed to
characterize the microstructural properties of polymerS" . Positron
annihilation lifetime measurements give direct information about
dimensions, contents and distributions of free-volume holes in
amorphous polymers. Angular correlation of positron annihilation
radiation measurements give additional information about the shape
of holes in oriented polymeric materials. The unique capability of
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PAS to probe free-volume properties is from the fact that
positronium atom is found to be preferentially trapped in the
atomic-scale holes which have a size ranging from 1 to 10 A.
Theoretical aspects and experimental results along with examples
in analyzing the free-volume hole structures of epoxy, PEEK, and
PMMA will be presented.

*Supported by McDonnell Douglas Independent Research and
Development Program and National Science Foundation.

1. Y. C. Jean et al, J. Polym. Sci. B, 24, 1247(1986)
2. H. Nakanishi et al, J. Polym. Sci. B, 27, 1419(1989)

EA 9 Materials Science Application with Positrons.
P. L. JONES, Duke University. (5min.) (Invited Poster Paper: See Poster Display PB 35).

SESSION EB: RADIOACTIVE BEAM EXPERIMENTS

Tuesday afternoon, 6 November 1990; Union Building, Room 410 at 14:00;

C. ROLFS, Westfilische Wilhelms Universitiit, Federal Republic of Germany, presiding
EB 1 Production and Studies with Secondary RIB at LISE. A. MUELLER, Orsay-Ganel, France. (15 min.)
EB 2 Ion Source for RIB at TRIUMF. L. BUCHMAN, TRIUMF, France. (15 min.)
EB 3 Plans for Radioactive Beams at the LBL 88-Inch Cyclotron. R. STOKSTAD, Lawrence Berkeley Laboratory. {15 mm.)
EB 4 Accelerated Radioactive Beams—A Status Report. JOHN M. D'AURIA, Simon Fraser Unwersity, Canada. (15 mn.)
over the last five years considerable interest has developed in the world in the
use of accelerated radioactive beams for a variety of fundamental and applied
nuclear science studies. It is now recognized that technology is in place to
produce such exotic beams. Facilities exist in Europe, Japan and in the U.S. to
produce energetic beams (50-500 MeV/u) using the Projectile Fragmentation Recoil
Method while a number of proposals exist around the world including Canada and the
U.S. to produce low energy (less than 10 MeV/u) beamns using the ISOL/Post-
Accelerator Approach. A Steering Committee has just been formed to coordinate the
preparation of a proposal to install a major accelerated radioactive beanms
facility based upon the ISOL/Post-Accelerator approach somewhere in North America.
In this presentation a review of this developing field will be given along with a
summary of possible scientific programs, and details of some of the proposed or
operating low energy beams facilities. The activitieés and the plans of the
Steering Committee will also be presented.

EB 5 The Proposed Radioactive Nuclear Beam Facility at RAL.
T. G. WALKER, Rutherford Appleton Laboratory, England. (15 min.)

In the United Kingdom we are studying a Radioactive Kuclear Beam Facility which witl have as its major experimental goal
the extension of the study of the nucleus through spectroscopic studies at and near the neutron and proton drip lines
and in the region of superheavy nuclei. This facility will separate and accelerate radicactive fragments with half-tives
down to tens of milliseconds produced in spallation, fission and fragmentation processes using a primary beam of high
fntensity protons. A 100 microampere 800 MeV proton facility, ISIS already exists at the Rutherford Appleton Laboratory
for the production of neutrons for condensed matter research. The on-line isotope separation will follow the principles
of the ISOLDE facility at CERN. Provision is provided for further acceleration up to energies of several MeV per r.cleon
using efther a linear accelerator system or a linac plus race-trazk synchrotron.

EB 6 Low- and Medium-Energy Radioactive Ion Beams at Louvain-la-Neuve, Belgium.*
G. RYCHEWAERT, Catholic University of Louvain, Belgium. (15 min.)

This paper reviews the status and recent achievements of the Leuven Isotope Scparator On Line where th
low energy radioactive beams {50 KeV acceleration energy) are mainly used for nuclear physic:
experiments. Radiozctive beams with masses ranging from A = €up to A » 240 are produced by fight anc
heavy ion induced fusion and fission reactions. The second part describes a project for accelerating thest
beams to medium energy (~ 1.5 McV/AMU) for use in nuclear, astrophysical and solid state studic:
(ARENAS3),

* In collabosation with P. Decrock, Th. Delbar, P. Den Dooven, W. Galster, M. Huyse, P. Leleux
I. Licot, B. Liénard, P. Lipnik, M. Loiselet, G. Reusen, P. Van Duppen
I, Vanhoreabocck, J. Vervier and J. Woulers.

EB 7 Radioactive Ion Beams at the Bevalac: Greatly Enhanced Fragment Separation for High-Energy Beams.*
B. FEINBERG, Lawrence Berkeley Laboratory. (15 min.)

Radioactive bearns are routinely produced at the Bevalac by the fragmentation process. High energy beams (energies ~
800 MeV/fu) produce fragments with nearly the original beam momentum, forming a radioactive jon beam, A new
beamline is being constructed which will provide resolution for jons approaching the mass 100 region, compared to the
present mass 20 capability, by strongly increasing the dispersion and also increasing the beam size for casier tuning and
more cgd.ecﬁVc collimation. In addition, the angular acceptance has been more than doubled. Details of the design will be
presen

*Work done in collaboration with J.G. Kalnins and G.F. Krebs, and supported by the Director, Office of Energy

Research, Office of High Energy and Nuclear Physics, Nuclear Physics Division, of the U.S. Department of Energy
under Contract No. DE-AC03-76SF00098.
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EB 8 Nuclear Polarization of Radioactive Beams by Tilted Foils.*

MICHAEL HASS, NSRL, University of Rochester, and the Weizmann Institute, Israel. ‘(lS min.)

The atomic polarization present when ions traverse thin foils at an oblique angle
(tilted-foil geometry) can be transferred to the nucleus via the hyperfine
interaction of the electronic spin with the nuclear maginetic moment and hence

successfully in the past
few years to measure diverse nuclear electromagnetic properties such as signs of
quadrupole moments of isomeric high-spin levels, parity violation effects and
meagnetic moments in ground states of mirror nuclei (using the f-NMR technique).
Of particular importance is the uze of this method in conjunction with facilities
which produce separated reaction products ("radioactive beams”), allowing such
messurements be performed for nuclei in far-from-stability regions and under
favorable cou. ns of good (radioactive) beam: quality and no interference from
the direct beam. A brief summary of the subject and of the present status of

produce nuclear polarization. This method has been used

such efforts will be presented.

iSupported in part by the NSF and by the Israel-US BSF.
1Permu.ncnt address.

G. Goldring, M. Hass and E. Dafni, Hyper. Interact. 33, 19 (1987).

EB 9 Synthesis of Light Elements. R. N. BOYD, Ohio State University, Columbus. (30 min.)

SESSION EC: NONLINEAR EFFECTS IN ECR-GENERATED PLASMAS

Tuesday Afternoon

Tuesday afternoon, 6 November 1990; Union Building, Room 412 at 14:00; G, D. Alton, Oak Ridge National Laboratory, presiding

EC1 The Design of Particle Spectrometers and Beam Guidance Systems with Reduced Image Aberrations.

H. WOLLNIK, Justus Liebig Universitdt, West Germany. (25 min.)

EC2 Injection of High-Brightness H™ Beams into RFQ Accelerators. M. REISER, University of Maryland. (25 min.)

EC 3 Transport of High-Intensity H™ Ion Beams in the BEAR Accelerator. P. O'SHEA, Los Alamos National Laboratory. (25 min.)

EC4 Aberration Production in Liquid Metal Ion Sources.* J. H. WHEALTON, Oak Ridge National Laboratory. (25 min.)

To model accurately the liquid metal ion source (LMIS), with the great disparity
between the dimensions of its emitter and its expanded beam, a calculational technique
has been devised and implemented that is a trillion times more expeditious than
previous techaiques [1]. Two independent approaches (the inverse Viasov and the
variable mesh) were first considered and subsequently rejected as unfeasible. A third
approach, the Vlasov-Poisson-Oscillating Dirichlet Microscope, was therefore
developed. This third approach has enabled accurate modeling over scale changes of
108 per dimension. An example is considered in Fig. 1 where several blowups (12 x
16 area magnification in each) are analyzed self-consistently near the space-charge limit,
leading to fractional A resolution in a cm-sized device as shown in in Fig. 2. The
physical size répresented by Fig. 1 is approximately 1 cm on a side. The physical
region represented in Fig. 2 is a blowup of the needle tip shown in Fig. 1. The
physical size is approximately 4 million time smaller in each dimension (40 A x 40 A).
Boundary conditions on the edges of Fig. 2 are determined from the solution of the
previous blowup. For finite space charge, as shown, this telescope-microscepe
procedure is repeated until converged. To get this resolution from the full device would
require more than 1020 nodes for the finite difference solution to the Laplace equation
(symmetry reduces it from 1030 nodes - numerologically equal to the age of the
universe in picoseconds). Only 107 simple calculations are required as a result of the

subject procedure.

*R h sp d by the Expl y Studies Program of the Oak Ridge National Lab Y. operated for
the U.S. Department of Energy by Martin Marietta Energy Systems, Inc., under contract DE-ACOS-
840R21400.

1)}, H. Whealion, P.S. Meszazos, K. E. Rothe, R. §. Raridon, and P. M. Ryan, “Beam Dynamics of a Liquid-
Metal Ion Source,” Rev. Sci. Insgum. 61 (1), 568 (1990).

Fig. 2

EC 5 Factors Which Affect the Emittances in ECR lon Sources. T. ANTAYA, Michigan State University. (25 min.)
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EC 6 Gas Mixing Effects in ECR-Generated Plasmas.*
C. C. PETTY,! Plasma Fusion Center, Massachusetts Institute of Technology. (25 min.)

Operators of electron cyclotron resonance (ECRY) lon sources have found that by mixing a lighter gas with a heavier gas,
the extracted currents for high charge states of the heavier gas Increase over what they would be If the lighter gas were
not present. In order to learn more about this phenornenon, a case of gas mixing was studied In Constznce B, a single-cell
quadrupole mirror. The lon temperatures, densitles, and end-loss fluxes as a function of charge state were measured for
a pure cxygen and a oxygen and helium plasma. The end-loss flux of O%F Increased by 80% during gas mixing even
though the total oxygen density decreased by half. The increased 0%t end-loss was malnly due to reduction of cross-field
transport of lons. A significant amount of oxygen fon cooling by hellum was also observed.

*Work supported by U.S. Department of Energy Contract DE-AC02-78ET51013.
tcurrent address: General Atomics, P.O. Box 85608, San Dlego, CA.

SESSION ED: NUCLEAR PHYSICS
Tuesday afternoon, 6 November 1990; Union Building, Golden Eagle Suites B and C at 14:00;
R, L. Walter, Duke University, presiding

ED 1 Chaotic Behavior of Nuclear Spectra,* '
G. E. MITCHELL, North Carolina State University and Triangle Universities Nuclear Laboratory. (20 min.)

The topic of quantum chaos and searches for quantum systems which display chaotic behavior have been the subject of
nuch discassion recently. Bohigas e al. conjectured that quantum analogs of classically chaotic systems display level
statistics which are consistent with the predictions of the Gaussian orthogonal ensemble (GOE) of random matrix theory.1
This suggests that the fluctuation properties of nuclear levels may be used as a signature for chaos or regularity. High
Guality nuclear resonance data are known to display the long and short range order predicted by GOE.2 In only one
nucleus, 26AL are all levels known from the ground state to the resonance region. Analysis of the first 100 positive parity
states suggests that the fluctuation properties lie between a GOE and a Poisson description and are independent of
excitation encrgy.3# There is no other available data which is of sufficient quality to permit such analysis in a single
nuclide. However, there are many nuclides whose level schemes are complete over a more limited range of energics and
spins.> We have analyzed a much expanded data set (168 sequences of levels in 60 nuclides). Our results show a strong
dependence on the mass number A, with suggestions of effects due to spin and deformation.

*Supported in part by US Department of Energy, Office of High Energy and Nuclear Physics (Grant No.
DE-FG05-88ER40441).

10, Bohigas ez al., Phys. Rev. Lett. 52, 1 (1984).

20. Bohigas et al., Phys. Rev. Lett. 54, 1645 (1985).

3G.E. Mitchell et al., Phys. Rev. Lert. 61, 1473°(1988).

4], F. Shriner, Jx. et al., Z. Phys. A 335, 393 (1990).

ST. von Egidy et al., Nucl, Phys. Ad54, 109 (1986); Nucl. Phys. A481, 189 (1988).

ED 2 Discovery of Very Elongated Nuclei Near A=190. J. A. BECKER, Lawrence Livermore National Laboratory. (20 min.)

ED 3 Probing the Charge Structure of the Neutron.* R. MADEY, Kent State University. (25 min.)

Knowledge of the distribution of electric charge within the neutron is fundamental to understanding
both nucleon and nuclear structure. Little is known at the present time because the theoretical
description of the deuteron is model dependent. Experiments are planned at the Bates electron
accelerator facility and at CEBAF to probe the charge structure of the neutron in a way that should
circumvent these large uncertainties by scattering longitudinally-polarized electrons from
deuterium quasielastically and measuring the transverse polarization component Pg: of the recoil
neutron. This polarization component Pg:, which lies in the scattering plane noraal to the neutron
momentum, is proportional to the electric form factor of the neutron, GE. in the impulse
approximation.l Theory indicates that Pgt+ has almost no dependence on the deuteron model, and that

it is insensitive to the influence of final-state interactions, meson-exchange currents, and Isobar
configurations.?

*  Supported in part by the National Science Foundation.
1. R.G. Arnold, C.E. Carlson, and F. Gross, Phys Rev. C23, 363 (1981).
2. H. Arenhivel, Phys. Lett. B199, 13 (1987).

ED 4 Selected Studies of Electrodisintegration of *He and *He at CEBAF.
J. MOUGEY, Continuous Electron Beam Accelerator Facility. (20 min.)

ED 5 Nuclear Properties from Optical Spectroscopy of Radioactive Atoms Produced by Heavy-Jon Fusion.®
C. H. HOLBROW, Colgate University. (20 min.)

A gas filled cell has been developed to collect accelerator produced radioactive nuclei in order to study laser
induced spectra of atoms formed from them. The apparatus can detect spectra even when the nuclides are being
produced at less than 1000 s~ At this level of sensitivity heavy-ion fusion reactions become a uscful source of
very neutron deficient atoms, and we have measured isotope shifts of ytterbium out to ¥2Yb, 18 neutrons away
from the line of beta stability. The data imply a large jump in the rms nuclear charge radius of Yb surprisingly
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near the N ~ 82 ncutron shell closure. Heavy iun fusion can produce isotopes so selectively that isotope separation
is not needed. As a result our apparatus permits uptical spectroscopy of atoms too refractory or too short-lived
to process in an isotope separator; studies of the refractory element hafnium are now undsr way.

*Supported by the National Science Foundation.

ED 6 Tie Dominant Role of Intruder States in the Structure of Ir and Au Nucloi.
L. L. RIEDINGER, The University of Tennessee, Knoxville. (20 min.}

ED 7 Momentum Achromat Recoil Spectrometer. R. TRIBBLE, Texas A&M University. (20 min.)

SESSION EE: ATOMIC PHYSICS AND RELATED PHENOMENA -
Tuesday afternoon, 6 November 1990; Physics Building, Room 102 at 14:00;
I. A. Sellin, Oak Ridge National Laboratory, presiding

EE1 Electron Emission Induced by Ion Bombardment of High-T,. Superconductors.?
HERMANN ROTHARD, J. W. Goethe-Universitat, Germany. (25 min.)

The interaction of swvift ions with solids causes a dynamical collective response of the
electron plasma (“"wake"). These conical electron density fluctuations show the charateristic
behaviour of Mach shock waves and lead to the directed emission 6f shock electrons perpen-
dicular to the wake shock front. Shock electrons have recently been detected by measuring
angular distributions of heavy ion induced secondary electrons (SE) emitted from thin foils in
the forward half cone3. Within the framework of a model for the refraction of lowv energy
electrons at surfaces it has been predicted* that it should be possible to detect shock
electrons from thick solid samples in backvard direction. Also, the question has been raised
whether SE emission® and in particular the collective eaission of shock electroms® is in-
fluenced by the superconducting phase transition. To test these consi? rations, we have
performed first studies of H*- and C*- (2 MeV) induced SE emergv- and angular distributions
from YBazCus0; and EuBazCuz0r high Tc superconductors at sample tesperatures above (7=300K) and
beloy (T=35K) the superconducting transition temperature {Tc=90K).

tIn collaboration with Karl-Ontjes Groeneveld, Markus Schosnig, Doainik Schldfer,

Kurt Kroneberger, Enio da Silveira (Pontificia Universidade Catdlica, Rio de Janeiro, Brazil).
2This work has been funded by the German "Bundesminister fi@r Forschung und Tecbnologie”, Bonn,
FRG, Nr. 060F173/7Ti476

3Nucl.Instrum.¥eth. B48(1990)616 ¢J.Physique(Paris) 50(1989)C2-105 3Phys.Rev. B38(1988)9224
¢K.Griepenkerl,B.Milller,¥.Greiner, Radiation Effects and ™efects in Solids 110(1989)215

EE 2 Spectroscopy of Hydrogenlike and Heliumlike Uranium.
J. P. BRIAND, Universite Pierre et Marie Curie, France. (25 min.)

EE 3 Angular Scattering in Low-Energy Collisions Involving Multicharged Ions.*
L. R. ANDERSSON, Manne Stegbahn Institute, Sweden. (25 min.}

Calculations of the angular distribution of jons resulting from charge transfer in Ar* +He collisions at
encrgies below 25 ¢V/ amu have been camied out. The calculations were performed both by 2 MCLZ model
with classical nuclear trajectories! and by a fully quantal model-potential method. The results were compared
to experimental results giving both the scattering angle and the energy-gain of the projectile fons?. After
convolution with the experimental resolution, the two theoretical methods give essentially the same angular
distributions. The principal features of the experiniental angular and energy-gain distributions for one-~
clectron transfer are reproduced. However, structures appearing in the experimental data at collision energies
below about 13 ¢V/ amu can not be satisfactorily explained including only one-clectron transfer channels in
1l ¢ calculations. The experiments? show that two-clectron transfer into non-autoionizing states of Ar¥*
occurs. The presence of such inelastic channels may offer an explaination of the angular distributions for
one-¢lectron transfer.

* Work supported in part by the Swedish Natural Science Research Council

In collaboration with A. Bériny, C. Bicdermans, H. Cederquist, M. Gargaud, RMcCarroll and [ A. Sellin.
I LR. Andersson, J.O.P Pedersen, A. Bérény, J.P. Bangsgaard and P.Hvelplund, J.Phys.B 22, 1603 (1989)
2C. Biedermann, this conference

EE 4 Overview of Atomic Physics Experiments at GANIL. J. P. GRANDIN, GANIL/CIRIL, Frarce. (25 min.)

GANIL accelerator located at Caen (France) provides intense beams of Carkon to Uranium ions with
energies ranging from 100 MeV/amu for the lightest elements to 20 MeV/amu for the heaviest (15 0 4
MeV/iamu at the newly operated medium energy facility). The corresponding velocity range thus extends
from neon K shell up to higher than xenon K shell electron velocity. Excellent optical quality beams of
bare, or very few electron iors, may be prepared using the doubly achromatic magnetic spectrometer
LISE (or an equivalent device at the medium energy line). Atomic Physics experiments performed so far
includes :

- Atomic Spectroscopy experiments which mosily aim at testing relativistic and QED caleulations.
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- Atomic Collision experiments mainly dedicated to the very study of elementary collision proce:sses or to
the production of very low energy multicharged recoil ions.

- Channeling (periments which, under some drastic conditions, allow to study the i....;action of the
projectile ions with the slowest electrons of a solid target.

Atomic Physics experiments are furthermore closely related to condensed matter physics experiments
which are devoted to the study of the consequences of the huge energy deposited in the targets as a
result of the slowing down of the ions by electronic stopping power.

EE5 A Study of the Polarization of Photons {n Polarized Electron-Noble Gas Collisions.**
J. E. FURST, University of Missouri—Rolla. (20 min.)

It is possible to determine the importance of the spin-orbit interaction in
electron-noble gas collisions by using polarized electrons and measuring the
polarization of the radiation emitted in the collision. For exawple, a non-zero
value of ny, which is the linear polarization fraction obtained with a polarizer set
at 45° and 135° with raespect to the electron beam axis, indicates the presence of
significant spin orbit effects in the collisiocnl. A method for separating target and
continuum electron spin orbit effects, using well L-S coupled excited states, will be
discussed. We will present a comparison between ucattering from He, where spin-orbit
effects are not important and from Xe, where they may be, in the energy range from
threshola to 200 eV. The olarization measurements take into account the effect of
cascades from higher states and the influence of near threshold negative ion
resonances.

*Supported by National Science Foundation Grant PKY 9007721 and the University of
Missouri.

*+Work performed in collaboration with T. J. Gay, J. A. Brand, and W. M. K. P. _
Wijayratna.

3K, Bartschat and K. Blum, Z. Phys. A 304, 85 (1982).

EE 6 How Does Rydberg Charge Transfer Vary Over the Intermediate Velocity Region?*
K. B. MACADAM, University of Kentucky. (25 min.)

The relative distribution of Rydberg final states populated in capture of highly excited
electrons from Na Rydberg target atoms by singly charged ions has been measured throughout
the range of reduced velocity ¥V = 0.2 to 1,95, Laser-excited s and d target states n = 24 to
33 were studlied at ion energies from 60 to 2100 eV. A consistent pattern of shifting, broad-
ening and skewing has been observed in which the distributions are narrowest in n near

¥ = 0.7. At this same velocity the most probable n of the smoothly peaked distributions is
highest, generally about two to three units above the initial n. The ratio of orbital kinet-
ic-energy spread after capture to initial rms kinetic energy in the projectile frame before
capture shows a universal behavior. In the newest experimental work the velocity dependence
of the total charge-transfer cross section, encompassing all final Rydberg states, has been

maarured for similar energies and quantum numbers, and consistent patterns of variation have
bws « obgserved.

*Supported in part by NSF Grant PHY-8808022.

The contributions of coworkers L.G. Gray, R.G. Rolfes, S.B. Hansen and E. Horsdal-Pedersen
sre gratefully acknowledged.

SESSION EF: ACCELERATOR MASS SPECTROMETRY
Tuesday afternoon, 6 November 1990; Biology Building, Room 200 at 14:00; W. E. Kieser, University of Toronto, presiding

EF 1 Materials Characterization Using Accelerator Mass Spectrometry.
J. M. ANTHONY,* Texas Instruments, Incorporated. (20 min.)

Accelerator mass spectrometry (AMS) has bacome a nature technology for the detection
of iow level (10" at/cc) radioisotope cc¢acentrations in materials, and instruments
devoted to the analysis of stable element impurities are undexr developmentﬂ In
general, impurity analysis requires less sensitivity but a broader range of
detectability than conventi»nal AMS measurements. Several factors must be considered
in any attempt to optimize the performance of an AMS system for full periodic table
coveradge in all solid materials, including efficient ionization of sputtered particles
and a careful choice of isotope/charge state combinations to avoid kinematic
intarferences. Quantification, insulator analysis and sample contamination also pose
practical problems which must be addressed. This paper discusses the techniques in
use at the University of North Texas to optimize AMS for routine materials
characterization of solid samples. This includes investigations of the relative
ionization rates of various sputtered elemental and molecular ions in semiconductors
and efficient algorithms for routine mass analysis of unknown samples. The design and
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status of the ultra-clean ion source will be discussed, and detection limits of the
AMS system will be presented.

'Proceedings of the Fifth International Conference on Accelerator Mass Spectrometry,
Paris, April 23 - 27, 1990

* In Collaboration with: R.L. Beavers, T.J. Bennet, Texas Instruments, Dallas, Texas,
and S. Matteson, D.J. Marble, D.L. Weathers, F.D. McDaniel, and J.L. Duggan, University
of North Texas, Denton, Texas

EF 2 Biomedical and Clinical Applications of Accelerator Mass Spectrometry.*
J. C. DAVIS, Lawrence Livermore National Laboratory. (20 min.)

The very high sensitivity attainable and small sample size required in accelerator mass spectrometry assay of long-
lived 1sotopes have made this nuclear technology an obvious candidate for extension to biomedical and clinical
applications since its first demonstration. Using 14C compounds, we have begun applying the technique to
dosimetry of damage caused to DNA by mutagens and carcinogens at exposure levels representative of normal
human diet and environment and have begun the study of very low probability biological events. With clinical
collaborators, we are developing assays to determine drug efficacy and techniques to allow dose reduction in both
research and clinical investigations. Spectrometer development for special clinical uses is in progress. The
sensitivities obtained in the results obtained to date and the protocols developed to allow safe usage of the same
spectrometer for natural abundance and labeled materials will be discussed.

*This work was performed under the auspices of the U. 5. Department of Energy at the Lawrence Livermore National Laboratory under contract
W-7405-Eng-48.

EF 3 A Sputter Negative Ion Source for AMS.*
S1 HOUZHI,** Shanghai Institute of Nuclear Research, People’s Republic of China. (20 min.)

A high intensity Cs sputter negative ion source for AMS application has been constructed and tested.

A heated spherical tungsten surface with an extraction hole of 5§ mm in diameter acts as the Cs ionizer.
A target wneel with 18 sample positions is seperated from the ionization region by a gate valve. The
"cathode insulator”,usually made of boron nitride in Model 860 ion sources, was removed and a metal-
ceramic bonded ring is used to support the cathode potential. A specially designed shield structure
arround the ionization region confines the Cs vapor,prevents it from condensing on the insulatorz and
reduces the memory effect of the source at the same time. The source is being tested intensively at the
ion source test stand. 10 MA of BeO- and more than 350 4A of C- beams have been delivered from this
source., The emittance measurement of the besm is now under way.

tSupported by the National Natural Science Fundation of China
3:In collaboration with ZHANG WBIZHONG,ZHU JINGHUA,DU GUANGTIAN,ZHANG TIAORONG

EF 4 Isobar Separation with Ionization Counters in AMS. M. SUTER,' Paul Scherrer Institut, Switzerland. (20 min.)

The sensitivity of accelerator mass spectrometrey (AMS) depends in many cases on isobaric interferences, and
the techniques applied to separate the isobars. In this paper the potential and limitations of ionization counters
for isobar separation are presented. As an initial approach, a model detector with two electrodes is discussed.
The energy resolution of the AE-signal is primarily determined by the energy straggling caused by charge state
fluctuations of the project™- " .. s in the counter gas (and entrance foil). With semi-empirical formulas this energy
straggling can be calculat . a+ . function of the initial energy and the energy loss. Based on this information the
best ratio for the energy lo:. iribution between the two electzodes can be determined. Assuming gaussian shaped
peaks, the suppression of isubas can be estimated for various energies and masses. The model calculations are
compared with experimental results obtained on the *Cl-3%S system in the energy range between 32 and 48 MeV.
At lower energies reasonable agreement has been found. The measurements show that gaussian shaped peaks
can be assumed over the first 3 orders of magnitude. Below that, large angle scattering affects the peak shape
dramatically. This would require a more detailed model to describe the suppress.on at higher energies, at which
the peak separation is larger. Improvements with multielectrode arrangements and appropriate data analysing
systems are also discussed.

The limitations given for ionization counters are compared with other methods used for isobar separation such
as gas filled magnet, stripping to bare ions and absorber techniques.

! In collaboration with: G. Bonani, H.J. Hofmann, Th.R. Niklaus, H.A. Synal, W. W6lfli and U. Zoppi, ETH
Ziirich

EF 5 Probing the Environment with Accelerator-Based Techniques. C. TUNIZ,* University of Trieste, Italy. (20 min.)

Natural and anthropogenic events are deteriorating the terrestrial environment with global effects on the
atmosphere, water and soil. Greenhouse effect, ozone layer depletion, acid rain, drought, desertification
and heavy metal contamination are some of the plagues threatening our future. Records of the past
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behaviour of the terrestrial environment, preserved in natural archives, such as marine sediments, ice
cores and tree rings, provide useful clues to the interpretation of the symptoms preceding significant
environmental modifications. In particular, antarctic ice is an archive recording climatic changes on
temporal scales of hundreds of thousands of years. Modern analytical techniques based on particle
accelerators, originally designed for fundamental physics experiments, can provide useful tools to assist
in these studies. For example, Accelerator Mass Spectrometry (AMS) measures long-lived cosmogenic
isotopes present in the environment, such as 14C, 10Be, 36C1 and 1291, This technique has been applied
to investigate soil erosion and salinization, ground water management, nuclear waste disposal, dating of
ancient earthquakes, etc. The AMS measurements of radioisotopes provide important chronological
information. Another accelerator-based technique, Synchrotron-Radiation Induced X-ray Emission
(SRIXE), can be used to study the distribution of heavy metals and other trace elements in the
environment. SRIXE microprobes are being developed to map trace elements in micron-size particles
and microorganisms of environmental interest. The utility of these advanced methods to understand the
impact of natural phenomena and human activity on the ecological disequilibrium will be discussed.

* In collaboration with F. Zanini and R.K. Moniot

EF 6 A Dedicated Gas-Filled Magnet Isobar Separator for AMS Applications,! PETER W. KUBIK, Umwersity of Rochester. (20 min.)
The most difficult problem in mun; accelerator mass spectrometry (AMS) measurements is the rejection

of background from stable isobars. With the use of high intensity ion sources the isobar intensity

will increase. We have shown that the gas-filled magnet (GFM) technique can reduce the isobaric

background in a 36C! AMS system by at least two orders of magnitude (2). A dodicated GFM is currently

being installed in our beamline. The magnet has been reconfigurated for transmission of ions with

large mass-energy producta. The pole face gap has been enlarged to sccommodate the increased beam

size in the low pressure gas regisn. The pole fsce angles cen be adjusted to optimize ths focussing

properties. The now configuration of the University of Rochester AMS beam line will be described

in detail.

1. Supported by NSF grant EAR-8803803 and EAR-89168369. In collsboration with R. Teng and S. Datar
Nuclear Structure Research Laboratory, University of Rochester, Rochester, NY 14627, D, Elmore and
T. Miller, Department of Physics, Purdue University, W. Lafayette, IN 47537

2. P.W. Kubik ot al. Nucl. Instr. an¢ Moth, B40/41 (1989) 741-744

EF 7 Recent Developments in AMS at the IsoTrace Laboratory, W. E. KIESER, IsoTrace Laboratory, Canada. (20 min.)

In the past year, two new analytical applications have become available at IsoTrace: the measurement of 12%/1%7J ratios in
natural materials such as groundwater and marine organic materials, and the in — situ measurement of gold and platinum
group elements in sulphide ores 12, Procedures and detection limits for these applications will be described. Recent
measurements of accuracy and sample preparation induced contamination in radiocarbon analysis will be reviewed ? and
progress in the electric field dissociation of negative ions as an isobar selection tool will be discussed 4.

1 1. R. Kilius, M. A. Garwan, A. E. Litherland, M-J. Nadeau, J. C. Rucklidge and X-L Zhao, Nucl. Instr. and Methods
B40/41 745-749 (1989).

2 I.. R. Kilius, N. Baba, M. A. Garwan, A. E. Litkerland, M-J. Nadeau, J. C. Rucklidge and X-L Zhao, Proc. 5th Int.
Symp. on AMS, Nucl. Instr. and Methods (in press) IsoTrace preprint #90.04
3 R. P. Beukens, Radiocarbon 32 no. 3 (in press) IsoTrace preprint #89.04 ,

4 M-J. Nadeau, A. E. Litherland and L. R. Kilius, Proc. 5tk Int. Symp. on AMS, Nucl. Instr. and Methods (in press)
IsoTrace preprint #90.06 ’

SOCIAL HOUR
Tuesday evening, 6 November 1990; Union Building, Second Floor at 17:00

SESSION FA: SYNCHROTRON RADIATION I
Tuesday evening, 6 November 1990; Physics Building, Room 102 at 19:00; B, Johnson, Brookhaven National Laboratory, presiding

FA 1 Atomic Physics Research with Second and Third Generation Synchrotron Light Sources.*
BRANT M. JOHNSON, Brookhaven National Laboratory. (5 min.) (Invited Poster Paper: See Poster Display PA 41)
This brief talk and poster is intended to provide an infroduction and overview for a collection of

invited presentations on atomic ﬁand related) physics reseatch at existing and planned synchrotron
light sources. The emphasis will be on research accomplishments and future opportunities, but a
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comparison will be given of operating characteristics for first, second, and third generation machines.
First generation light sources were built to do research with the primary electron and positron beams,
rather than with the synchrotron radiation itself. Second generation machines were specifically
designed to be dedicated synchrotron-radiation facilities, with an emphasis on the use of bending-
magnet radiation. The new third generation light sources are being designed to optimize radiation
from insertion devices, such as undulators and wigglers. Each generation of synchrotron light source
offers useful capabilities for forefront research in atomic physics and many other disciplines.

*Research supported by the Division of Chemical Sciences, Office of Basic Energy Sciences,
US Department of Energy under Contract No. DE-ACO2-76CH00016.

FA 2 Nuclear Resonant Rragg Scattering, P. SIDDONS, Brookhaven National Laboratory. (20 min.)

FA 3 Vibrational Excitation Effects on Core Exciton Spectra.
W. L. O'BRIEN, University of Tennessee, Knoxville. (5 min.) (Invited Poster Paper: See Poster Display PA 39)

The effects of vibrationa! excitations on core spectra of solid state systems have been studied in & number of cases by
comparing results from spectroscopies measuring the population and the decay of the core hole states. Core hole decay
specira are dependent on the rate at which the nuclei rearrange via phonon emission and the lifetime of the initial state.
Core excllons, being well-defined discrete atomic-like excitations, are well suited for these studies. In cases where
they can be resolved in both x-ray absorption and emissicn any discrepancy in shape and energy position can be related
to the relaxation of the excited state. For example the two excilon peaks assoclated with the Al La and L2 excitations in
Alz03 kave been found to shift 0.15 eV. Our results will be discussed in terms of phonon relaxation theory* and results
in the literature. .

1G. D. Mahan, Phys. Rev. B15, 4587 (1977).
J-E. Rubensson: D. R, Mueller and D. L. Ederer, NIST.
J. Jia, Q. Y. Dong,T. A. Callcott, University of Tennessee, Knoxville.

FA 4 Photoionization of Ions and Laser-Excited Atoms at Super ACO. T.J. MORGAN, Wesleyan University. (20 min.)

FA 5 Anisotropy of Polarized X-Ray Emission from Free Molecules.
S. H. SOUTHWORTR, National Institute of Standards and Technology, Gaithersburg. (5 min.)
(Invited Poster Paper: See Poster Display PA 37)

The previous observation! of polarized x-ray emission (fluorescence) from free molecules
demonstrated that it is possible to create an ensemble of aligned (spatially anisotropic),
core-excited molecules within a gas-phase target via energy and polarization selective
excitation with x-rays. In the present work we have extended the previous studies! by
demonstrating the apigotropy of polarized emission. These effscts present an unprecedented
opportunity for observing the x-radiation field pattern from free molecules. Specifically,
CF,Cl molecules were photoexcited at ensrgies near the Gl K-edge, and the resulting Cl K-V
enission war analyzed as a function of polarization and emission angle. The different symmetry
types of ths emission dipole mouent for the different valence orbitals involved give rise to
distinctively different polarizations and anisotropic emission patterns. The measured
anisotropies are in good agreement with the theoretical formulation® when values for the
alignment parameter and geometrical factors are taken in the classical limit.

1p, W. Lindle, P. L. Cowan, R. E. LaVilla, T. Jach, R. D. Deslattes, B. Karlin, J. A. Sheehy,
T. J. Gil, and P. W. Langhoff, Phys. Rev. Lett. 60, 1010 (1988).
%C. H. Greene and R. N, Zare, Ann. Rev. Phys. Chem. 33, 119 (1982).

FA 6 K-Shell Photoionization of Argon Ions Using Synchrotron Radiation and a Penning Ion Trap.*
S. D. KRAVIS, Texas A&M University. (20 min.)

Argon gas was pu]igd into an ultra-high vacuum environment of a Penning ion trap vacuum chamber. During
the gas pulse, Arc" ions were producsg by electron impact ionization from an electron beam directed through
the trap end cap electrodes, The Ar®" ions were then stored untii the argon partial pressure dropped to
background levels, after which focussed broadband synchrotron radiation wgih energy above the argon K-shell
was pulsed through slots in the ion trap ring electrodes, ionizing the Ar¢™ ions. The ions were detected
on a m/q basis by resonance of the ion axial motion with a tuned circuit driven at reégnance. Backgrounds
due to possible photoionization of residual argon atoms and due to ions other than Arc” produced by the
electron beam, were recorded and subtracted. The resulting charge state distribution probability following
vacancy cascading will be compared with that of a neutral argon target and availabie theory.

*This research was supported by the National Science Foundation and the Department of Energy.

FA 7 Photoion Auger-Electron Coincidence Measurements Near Threshold.!
JON C. LEVIN, University of Tennesssee, Knoxville and Oak Ridge National Laboratory.* (5 min.)
(Invited Poster Paper: See Poster Display PA 22)

The vacancy cascade which fills an atomic inner-shell hole 1s a complex process which can proceed by a variety of
gaths, often leading to a highly charged residual iun. We have measured simplified argon photoion charge distri-

utions by requiring a coincidence with a K-LL or K-LM Auger electron, following K excitation with synchrotron
radiation, as a function of photun energy. The distribution oxhibit a much more pronounced photon-energy
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dependence than do the more-complicated non-coincident spectra. In the near K-threshold region, shakeoff of np
levels, populated by resonant excitation of K-electrons, occurs with significant probability, as do double-Auger
processes and recapture of the K photoelectron through post-collision interaction.

tWork supported in part by the National Science Foundation and by the U.S. Department of Energy under contract
No.DE-AC05-840R21400 with Martin Marietta Energy Systems Inc.

*In collaboration with C. Biedermann, N. Keller, R. T. Short, and I. A. Sellin (UTI(/ORNL),’L. Liljeby (MSI,
Stockholm, Sweden), and D. W. Lindle (NIST).

FA 8 Molecular Studies Using Imaging Time-of-Flight Techniques,
M. MERON, Brookhaven National Laboratory. (5 min.) (Invited Poster Paper: See Poster Display PA 44)

FA 9 The Advanced Light Source at LBL.! A. L. ROBINSON, Lawrence Berkeley Laboratory.® (20 min.)

Construction of the Advanced Light Source (ALS) at the Lawrence Berkeley Laboratory recently passed
the half-way point. Scheduled to begin operation as a U.S. Department of Energy national user facility
in Jhe spring of 1993, the ALS is a third-generation synchrotron source based on a low-emittance, 1.5-
GeV electron storage ring with 10 long straight sections available for insertion devices and, initially,
24 bend-magnet ports. Undulators will provide high-brightness radiation to photon energies above 2
keV; wiggler and bend-magnet radiation will extend the spectral coverage with high fluxes to above 10
keV. The status of ALS construction, with an emphasis on experimental facilities, and progress
toward establishment of the initial scientific program, including opportunities for industrial
participation, will be reviewed.

1This work was supported by the Director, Office of Energy Research, Office of Basic Energy Sciences,
Division of Materials Sciences, of the U.S. Department of Energy under Contract No. DE-AC03-
76SK00098.

2In collaboration with A.S. Schlachter, Lawrence Berkeley Laboratory

.

FA 10 Atomic, Molecular, and Optical Physics with X Rays.
D. W. LINDLE, National Institute of Standards and Technology, Gaithersburg. (20 min.)

With the advent of new third-generation synchrotron-radiation sources now being built, research in the areas of atomic, molecular, and
optical physics nsing X-rays from these insertion-device-based facilities is expected to experience a renaissance. Many of the most sought
after experimental goals in these areas of research will become possible and/or routine. To highlight some of the exciting possibilities,
some specific examples, such as the x-ray and Auger resonant-Raman effect and polarized molecular x-ray emission, are discussed.
Finally, specific plans for izaplementation of an x-rey synchrotron-radiation beamline dedicated to atomic, molecula, and optical physics

at the Advanced Light Source are presented, with emphasis on the enhanced capabilities that will be available at this state-of-the-art
facility,

FA 11 Atomic Physics Experiments Using VUV and Soft X Radiation, D. CALDWELL, University of Central Flonida. (20. min.)

FA 12 Atomic Physics at the Advanced Photon Source.* Y. AZUMA, Argonne National Laboratory. (20 min.)

Ground has been broken for the construction of the new 7-GeV synchrotron light source - the
Advanced Photon Source (APS) - at Argonne National Laboratory, and the source will be ready for
experiments in 1995. The unsurpassed brightness and photon energy of the APS in the hard X-ray
region make possible a vast array of new research opportunities for the atomic physics
community. A number of such possibilities were discussed at the Workshop on Atomic Physics at
the Advanced Photon Source, held at ANL in March, 1990. A swmary of this workshop, as well as
the Argonne initiative to establish a dedicated atomic physics experimental station on an
undulator bsam-line, will be discussed.

*This research was supported by the U.S. Department of Energy, Office of Basic
Energy Sciences, under contract W-31-109-ENG-38.

SESSION FB: ION IMPLANTATION
Tuesday evening, 6 November 1990; Union Building, Room 411 at 19:00;
R. F. Pinizzotto, University of North Texas, presiding

FB 1 Metal Ion Implantation into M50 and T1 Bearing Steels for Improved Corrosion Resistance.*
B. TORP, B. R. Nielsen Danfysik A/S, Denmark. (25 min.)

In order to improve service life and reliability of rolling bearings in gas
turbine engines a BRITE project has been started,to improve the corrosion
behavior of bearing components by ion implantation®.

Prior to implanting into bearing components, test specimens of the main aero
bearing steels M50 and T1 implanted with different species (Chromium,
Tantalum and Yttrium + Nitrogen) and doses have been characterised by RBS
and MRA techniques, to determine the implantation and purity by independent
means. Systematic tests have been performed to measure the corrosion
resistance of the treated surfaces in order to define the optimum treatment.
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In order to be able to make implantations into bearing raceways and balls a
manipulator dedicated for this purpose will be developed. Test bearings
implanted with the optimum dose and ion species will be tested at high
temperature and in corrosive environment before the ultimative test on
implanted Rolls Royce GEM engine bearings.

The status and progress of the project will be reported, and results
obtained so far will be discussed.

; This project is funded by the EEC under BRITE/EURAM contract no. RI1B-284.

Co-workers: C.M.Rangel, M.H.Simplicio, A.C.Consiglieri, M.F.DaSilva and
F.Paszti, LNETI Portugal. J.C.Soares, University of Lisbon Portugal. A.Dodd
and J.Kinder, RHP Bearings Ltd. Newark England.

FB 2 High-Energy Implantation at the University of Surrey. K. G. STEPHENS, University of Surrey, England. (25 mn.)

The growing technical significance of the ability to implant ions at energies above 400 eV will be
demonstrated by several quite different experiments.

In GaAs three examples are given. Firstly the use of selenium as a donor, instead of silioon, has some
advantages, but necessitates the availability of Se ions at 1 MeV or more. Some guod electrical
profiles using Se'’ at 500 XV will be shown. Secondly, to avoid channelling tails from implants, high
energy, Ga' and as™ ions were used to amorphise the substrate, prior to an implant of an active ion.
Thirdly sultiple quantus well structures of GaAs and Alg 5663, 428 layers have been disordersd by
implanting either boron or fluorine ions in order to prov dse waveguides vith a low loss. This impurit
induced disordering process has also been applied to buried double quantum well waveguide structures
and soxe recent regsults will be presented.

In silicon, samples were implanted at low energies with arsenic or antimony ions prior to 1 Mev
implants of silicon ions. Rutherford backscattering was used to ascertain whether the arsenic or
antimony atoms form precipitates or redistribute as a result of the high enexgy siliocon implant.

Much of this work hue been carried out in implanters with a voltage limitation of 500 kv through the
successful developme.'t of ion sources which produce usable beams of doubly and triply charged ions an
these developments will be described. However in the near future a 2 MV implanter will be installed
and future plans for the use of this machine will complete this survey.

FB 3 Investigation and Characterization of Space Materials.* J. S. C. McKEE, Unwersity of Manitoba, Canada. (25 min.)

The facilities of the Accelerator Centre at the University of Manitoba have been used
recently in the study of materials of particular relevance to the aerospace industry and to
the construction of space vehicles. Amorphous silicon, titanium carbide, composite and other
materials have been studied by implantation and radiation damage techniques. Surfaces have
been examined using the method of inelastic light (Raman) scattering, and atlempts have been
made to simulate exposure to the solar wind in the laboratory. Conclusions relating to the
appropriateness of the use of certain refractory matericls in the construction of space
vehicles are reached, and the nature of damage to such materials discussed.

'Supported in part by the Natural Sciences and Engineering Research Council of Canada.

FB 4 Proton-Induced Displacement Damage Fluctuations in Silicon Micro-Volumes,
P. W. MARSHALL,* Naval Research Laboratory. (25 min.)

Particle-induced displaccinent damage degrades semiconductor properties by introducing localized
energy states which increase gencration dark current, recombination and charge trapping. Average
proton-induced damage in bulk Si is proportional to the average nonionizing energy loss resulting
from clastic and inelastic interactions. On a microvolume scale, however, average damage is a poor
indicator of damage effects since fluctuations in energy deposition are unavoidable. Calculations of
the first and second moments of damage encrgy distributions from coulombic coltisions and from
nuclear interactions at a given incident proton cnergy arc incorporated inte 4 model describing the
probability of damage as a function of the proton flucnce and the sensitive volume in Si.
Comparisons betwcen the predicted and measured leakage currents in Si imaging arrays illustrate
how the Poisson distribution of higher energy nuclear reaction recoils affects the variance in the
distribution of damage across the asray.

#Also C.J.Dale, E.A.Burke and G.P.Summers.

SESSION FC: NUCLEAR MICROPROBES
Tuesday evening, 6 November 1990; Union Building, Room 412 at 19:00; B. L. Doyle, Sandia National Laboratory, presiding

FC 1 High-Resolution Techniques for the Scanning Proton Microprobe. A.SAINT, The Unwersity of Melbourne, Australia. 120 min.)

The technique of Scanning Traasmission Ion Microscopy (STIM) will be discussed in the light of it's applica
to high resolution imaging using a Scanning Proten Microprobe (SPM). This technique was first annous
simultaneously by the Micranalytical Research Centre and the University of Oregon in 1983. Using the !
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bourne microprobe we have obtained STIM images of a silver grid indicating a resolution of 50nm. These im
provide information on the areal density of the sample and can thus be used to provide a mass normalisa
of PIXE images of the same region as well as a high resolution image of the sample.

The STIM technique can also be allied with Computer Aided Tomography (CAT) to provide high resolu
3-dimensional images. Recently we have also experimented with Channeled-STIM to provide crystallogra
information on single-crystal samples. Other possible extensions to these techniques will also be discussed.

FC2 Imaging of Thin Jiological Sections Using STIM and Related Techniques—A Comparative Study.
J. PALLON, Lund Institute of Technology, Sweden. (20 min.)

When using the nuclear microprobe for elemental analysis, it can be a critical task to locate the areas of significance on the sample.
Besides from using an optical microscope, information produced by the scanning beam is of interest. The aim of this study is to
lc’vallume different imaging techniques with the purpose of obtaining as high resolution as possible on low-contrast samples like
iological sections.
Besides from STIM, scanning transmission ion microscopy, detection of secondary electrons and forward/backward scattered particles
is done. High resolution STIM is performed by closing down the objective slits and putting the detector at zero degrees, using a beam
of only some 1000 iong/s. Images produced online from the energy loss information is used when selecting the area to irradiate. If
combined with data from scattered particles, collected simultaneously with PIXE in a subsequent analysis on the same area, valuable
information of beam induced irradiation losses can be obtained.

FC3 Accelerators are Essential Tools in Minerals Research, S. H. SIE, CSIRO Exploration Geoscience, Australia. (20 min.)

Application of accelerator based analytical methods in minerals research has steadily
crossed experimentation stages for a wide range of areas and become essential in a
number of cases. The progress has been spearheaded mainly by PIXE with microbeans,
but the other techniques (RBS, NRA) are rapidly gaining acceptance as well. The paper
will review the state of art, and conditions conducive to wider acceptance, with
illustrations drawn from applications in igneous mineralogy and petrology, and their
implication in minerals exploration research.

FC4 Medical Applications of Nuclear Microscopy. U. LINDH, Uppsala University, Sweden. (20 min.)

Nuclear microscopy is the use of a finely focussed beam of charged paxticles to extract
structural information from a sample. In bilomedicine, the samples may be individual cells
or tissue sections., The increasing interest in trace elements has motivated nucleaxr
microscopy of the islets of Langerhans and surrounding tissue in pancreas cryosections
from experimental animals. The incitament of these investigations was the possible role l
of trace elements for insulin secretion and correlations with important elements such as
calcium. The regulation of secretion has direct consequences for diabetes. The studies

in Uppsala ugsed non-inbred obese-hyperglycemic mice Eicher fed ad 1it. or starved
overnight®, normal and genetically diabetic hamsters” and disbetic (C57BL/KsJ~-db/db) and
noraal (C57BL/KsJ~%/t) mice”. The results of these experiments illustrated with elemental
maps and multivariate statistical analysis are presented and discussed. Some thoughts
about the impact of nuclear microscopy in medicine and trace element biology will also

be forwarded.

1y, Lindh, L. Juntti—Berg'gren, P.~0. Berggren and B. Hellman, Biomed. Biochim. Acta 44,
5 (1985). ‘
; . Juntti-Berggren, U. Lindh, P.-0. Berggren and B.J. Frankel, Biosci. Repts. 7, 33 !
1987).

5 . Juntti~Berggren, U. Lindh, P.~0. Berggren, 0. Berglund and B.J. Frankel, Biosci. Repts,
10, 217 (1990).

FC5 Ion Microtomography Using Time-of-Flight Detection.* A. E. PON’fAU, Sand1a National Laboratories, Livermore.! (20 min.)

The practical application of lon Microtomography (IMT) can be limited by data acquisition
rate. To provide full 3-dimensional density distributions for extended objects with fine
spatial resolution, IMT requires huge data sets. For example, a 512 x 512 x 512 volume
element rendition requires over 200 million accurate density determinations, each derived
from several to hundreds of individual ion energy loss measurements. In previous studies, we
have described IMT based on transmitted ion energy losses measured using silicon surface
barrier detectors. The detector and associated electronics have limited acquisition rates to
less than about 20,000 ions per sscond. In this work, we describe our first studies using
time of flight analysis to derive energy losses. Start and stop timing pulses come from
secondary electrons produced as the transmitted ion passes through the spscimen or through
subsequent thin carbon films. We report improvements in data acquisition rate and evaluate
limits for density sensitivity using this technique.

*This work supported by the U.S. Department of Energy under contracts DE-AC04-76P00789
and W-7405-Eng-48.

Contributing authors: D. H. Morse, A. J. Antolak, and B. N. Handy, Sandia National

Laboratories, Livermors, CA, M. Roberts and D. L. Weirup, Lawrence Livermore National
Laboratory, Livermors, CA.
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FC 6 Ultrahigh Resolution Focused Ion Beams in Semiconductor Device Research,
R. L. KUBENA, Hughes Research Laboratories, Malibu. (20 min.)

Recent advancements in our understanding of the ion optics of focused-ion-beam (FIB)

systems using high brightness liquid metal sourges have led to improved system resolution.
Currently, we are able to form 50-keV focused Ga beams with 15nm spot diameters (FWHM) and 10pA
target current. At these dimensions, such beams are proving to be useful tools for the study of
nanofabrication and quantum effects in electronic materials. We have found, for example, that
feature sizes in thin resist layers such as PMMA can be predicted fairly accurately using only
beam profile and resist contrast data. Effects such as secondary electron range, ion
scattering, and atomic recoil are apparently not predominant for feature sizes larger than about
10nm. In addition, the throughput can compete favorably with state-of-the-art electron beam
systems. We will present several device applications for quantum electronics.

FC7 Application of Channeling Scanning Transmission Ion Microscopy.
M. CHOLEWA, The University of Melbourne, Australia. (5 min.) (Invited Poster Paper. See Poster Display PB'44)

Scanning Transmission Jon Microscopy (STIM) has been used in corjunction with channeling, to explore tr:
mission channeling in thin epitaxially grown n type silicon crystal. Beams of 1 MeV and 3.9 MeV H* and of
MeV ot were used with beam currents of 0.1 fA focussed to spot sizes of less than 200 nm. Part of the san
was damaged in the channel direction with the same beam focussed to ~16 um diameter spot size and cun
up to 2 nA. Theoretical calculations predict the behaviour of collected energy spectra in both the random
the channel direction. ,

The Chatneling STIM (CSTIM) technique can be 100% efficient, the analysis is achieved in a short time
negligible damage, compared to backscattering Channeling Contrast Microscopy (CCM), and it is capabl
very high resolution ( 50 nm ). These features can be succesfully applied to the investigation of crystal dan
and small size imperfections in samples transparent o the beam.

SESSION FD: ACCELERATORS TECHNOLOGY
Tuesday evening, 6 November 1990; Union Building, Golden Eagle Suites B and C at 19:00;
J. Lin, Hewlett Packard Labs and L. K, Farris, LTV Corporation, presiding

FD1 A 3-MV Pelletron for Materials Research at Heidelberg.
P. OBERSCHACHTSIEK, Max-Planck-Institut fiir Kernphysik, Federal Republic of Germany. (20 min.)

This year, we have been reconstruc‘ting three beam lines for materials modification and analysis at a 3 MV tandem
facility delivered by NEC/EH, Middleton, USA. The 0° beam line will be operated for nuclear reaction analysis, with
patticular emphasis for H profiling. An in-line-low-level y-ray detection system together with an automatic energy
scanning device will allow for both sensitive and fast impurity depth profiling. The 25° bexm line has been‘outlayed
for high energy Rutherford backscattering work mainly using a-particles in the energy range between 1-10 MeV. A
24-segment Si detector together with improved pile-up rejection electronics has been designed to yield a 100-fold
enhancement in counting rate capability over the standard one-detector arrangement. The low energy backscattering
facility, located at the 45° beam line, employs an electrostatic analyser for ultimate depth resolution in near-surface
regions. Resolutions of about 1 nm have been obtained with a-particles of up to 1 MeV energy. In addition, a lab
ion source type of implanter will be coupled to the tareet station in order to facilitate in-situ implantation analysis
of shallow implants within about 100 nm depth. First vesults demonstrating the capability of our set-up will be
reported including data on the Pelletron performance itself.

FD 2 Experience with 14-UD Pelletron at Tata Institute of Fundamental Research,
K. G. PRASAD, Tata Institute of Fundamental Research, India. (20 min.)

The llllUD Pelletron facility was set up at TIFR under a joint BARC-TIFR Projectl and became
operational jn December 1988. Severa] experiments in_yarioys disciglines have been started with
beams like !H, 2He, ’7Li, IO'??B, lgC,plgo, &F, 2¥Al, Lg‘35i, 5%' Cl etc, ions. The energy
calibration of the accelerator for system was carried out using the (pyy) 3N resonance reaction
at proton energy of 14.231 MeV. There have been three chain breaks. We have encountered vacuum
problems in the beam transport system. ‘The installation of the double harmonic buncher for pulsing
the ion beam necessiated the realignment of the injector beam line. The remedial measures taken
to overcome the above and several other problems will be discussed,

! K.G. Prasad, Nucl. Inst. and Methods B 40/41 (1989) 916.
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FD 3 An Overview of the Ion-Beam Analysis Laboratory at White Oak.
J. L. PRICE, Naval Surface Warfare Center, White Oak. (20 min.)

The Naval Surface Warfare Center (NSWC) at White Oak is completing a major upgrading of its
positive-fon accelerator facilities dedicated to the study of ion-atom collisions and ion-
beam analysis of materials. At the heart of the facility is a new National Electrostatics
Corporation 3 MV tandem accelerator which replaced a 2.5 MV van de Graaff. There are two
jon-sources available which will enable the accelerator to produce an ion from nearly any
element in the periodic table. Mass-energy control is defined by a 90 degree analyzing
magnet. A downstream switching magnet, allows for the establishment of five separaté beam
lines. Currently three beam lines are in operation: an RBS & PIXE analysis system, an NRA
analysis system, and an experimental line for measuring the stopping powers of ions in
gases. In addition to numerous PC’s for data manipulation, a VAX computer system is being
upgraded to perform computer controlled acquisition and analysis of spectral data. Details
on the upgrade will be presented as well as recent results of jon-beam analysis.

FD 4 3-MV Pelletron Accelerator at IPAS, E. K. LIN, Academia Sinica, Republic of China. (S min.)
(Invited Poster Paper: See Poster Display PB 58)

A nev accelerator laborgtora vas established at_the Institute of Physics, Academia
Sinica (IPAS), in Talpei. We have installed a 3 MV OSDH-2 Pelletron tandem systea
from ion sources to target chambers for basic and applied research. A vide range
of ion beam species from proton to Zr have been acceleratord. The perforsance

of the beam test is satisfactory, Three beam lines have been set up to be

used for experiments in atomic physics, lov-energy nuclear physics and applied
technology. Brief description of ongoing experiments is presented.

% Visiting Professor Yerlanent address: Department of Physics, University of
Delavare, Nevark, Delavare,

FD 5 The Accelerator Installation at Union College. C. C. JONES, Union College, Schenectady. (20 min.)

A one million terminal volts tandam accelerator was installed in January 1990 replacisg a
400 XeV Van de Grasff machine which has been in use since 1965. Research and laboratory
experience is thus made available to undergraduates from Union and other area institutions
using 32 MoV protons ox 3 MeV alpha particles. We have done elastic scattering, charged

particle nuclear reactions, channeling, R.B.S. (Rutberford back scattering) and PIXE
{proton induced X-xray emission) experiments, sometimes as laboratory exercises with
agsociated couzses, and sometimes as undergraduate research projects.

FD 6 An Overview of the Ion Beam Laboratory at Beijing Institute of Physics.
J. L1U,* Chinese Academy of Stiences, Beijing, People’s Republic of China. (20 min.)

A multi-user MeV ion beam system has been installed and has been operating since 1983, It has
being used for research projects in different area such as solid state physics, material science and
atomic physics. The operational characteristics and experiences, modifications and end-station
developments are discussed. The system is based on 2x1.7 MV Tandetron small accelerator
(General lonex Corporation, USA ) which has a negative sputtering ion source and a home-made
cold cathode Pcnning ion source with a charge-exchanger. Almost All elements ions can be
extracted in-to three low angle beam lines with a big switching magnet. There are five beam lines
were installed. A summary of the beam lines that are being constructed for the activities of the
laboratory will also be given. These include: Rutherford backscattering spectrometry (RBS),
channeling analysis, particle-induced X-ray emission (PIXE), nuclear reaction analysis (NRA),
clastic recoil detection analysis (ERDA), high-energy ion implantation (HEII), proton microprobe,
atomic collision system with different optical measurements, and a cross-beam RBS-Implantation
end-station coupled with a 200 keV implanter. The multi-charged ion .beams are often used to
get higher energy with sufficient particle beam current. Research activities in this ion beam
laboratory include material modification and characterization, solid state physics, atomic physics,
environmental science and proton microscepy for biomedical, archaeology and geoscience
investigators. Some typical projects at this sysiem are introduced and examples of current
research results will also be presented.

* Present address: Texas Center for Superconductivity, University of Houston, Texas-77204-5506

FD 7 High-Power Linear Accelerators for Tritium Production and Transmutation of Nuclear Waste.*
G. P. LAWRENCE, Los Alarmos National Laboratory. (20 min.)

High-power proton linear accelerators driving spallation neutron sources are being proposed for important nuclear process
applications, inciuding transmutation of nuclear waste and produ.tion of tritiura. Recent advances in high-current linac
technology have allowed the Jevelopment of credible designs for the required class of accelerators, which have a nommal
1.6 GeV beam energy , and 250 mA peak curreat, with duty factors ranging from 12% to 100% (cw). A 250-mA, 1.6-GeV
cw proton beam incident on a liquid lead/bismuth target geaerates 45-55 neutrons per proton, with a fission-like spectrum that
is moderated to preduce a thermal neutron flux of up to 5 x 10’6 n/fem?-s. This high flux permeates a cylindrical blanket

Vol. 35, No. 8 {1990) 1746




Tuesday Evening

surrounding the spallation source, generating tntium through the SLi(n,T)*He or *He(n,y)T reactions, or burming long-lived
actinides and fission products from nuclear waste through capture and fission processes. In some system scenartos, waste
actinides and/or other fissile materials are inserted into the blanket, producing sufficient fission energy to power the
accelerator.

* Work supported by the US Department of Energy, with Los Alamos National Laboratory Program Development funds.

SESSION FE: SELECTED TOPICS: 10N SOURCES, RAIL GUNS, EXPLOSIVE DETECTION
Tuesday evening, 6 November 1990; Union Building, Room 418 at 19:00; F. Rauch, University of Frankfurt, presiding

FE 1 Potential Applications of a New Microwave ECR Multicusp Plasma Ion Source.*
C. C. TSAI, Oak Ridge National Laboratory. (5 min.) (Invited Poster Paper: Sec Poster Display PA 89)

A new mucrowave clectron cyclotron resonance (ECR) multicusp plasma ion source has been developed at Oak Ridge National
Laboratory using two ECR plasma production regions and multicusp plasma confinement. This source 1s capable of producin
uniform and dense plasmas over large areas of 300 to 400 cm?, and could be scaled up to produce uniform plasma over 700 cmg
or larger. The plasma source has been operated with continuous argon gas feed and impulse microwave power. The discharge
initiation phenomena and the plasma properties as functions of discharge parameters have been investigated. The observed
discharge characteristics wall be described, and a hypothetical discharge mechanism for this plasma source will be reported and
discussed. Potential applications including uniform plasmas, ion beams for advanced microelectronics processing, and space
electric propulsion will be discussed.

*Research sponsored by the Office of Fusion Energy, U.S. Department of Energy, under contract DE-AC05-840R21400 with
Martin Marictta Energy Systems, Inc.

FE 2 EXDEP: Explosives Detection with Energetic Photons.' KERRY W. HABIGER,? TITAN/Spectron Diision, Albuquergue.
(20 min.) * <. ’

TITAN has developed a new technique for detecting explosives using an RF LINAC. The patented EXDEP technique uses
an intense 14-MeV x-ray beam to photoactivate the nitrogen comprising >18.5% of most explosives. Activated nitrogen (t1/2
= 10 munutes) decays emitting a positron, which annihilates producing two 511-keV photons that are detected. The RF
LINAC's electron energy is selected to optimize the nitrogen activation and minimize background. In a DARPA/SNL-
sponsored vountermine program, TITAN developed a .nodel, benchmarked 1t with experiments, and used 1t to determine the
parameters for a prototype system. Expeniments at the Naval Research Laboratory verified that EXDEP could detect plastic
and metal bunied mines in sand and soil. An EXDEP system has been designed to screen luggage for concealed explosives.
An RF LINAC illuminates the luggage, a detector array provides a 3-D image of the activity concentration within the luggage,
and a 3-D computer tomography x-ray scanner maps the physical density of those areas. Calculations have shown that the
probability of detection will be >99% with a false alarm probability of <1%.

1Supported jointly by Sandia National Laboratorics and the Defense Advanced Research Projects Agency
2Collaborating Authors: Jerome R. Clifford, R. Bruce Miller, William F. McCullough

FE 3 Linear Accelerators for Explosive Detection. K. WHITHAM, Beta Development Corporation, Dublin, California. (20 mm.)

A 14-MeV, S-band linear accelerator has been designed and
built by Beta Development for use in an explosive detection program
at TITAN/Spectron Division. The explosive detection technique
utilizes photoneutron activation of the nitrogen which is an
integral component in explosives.

The accelerator was designed to be a small, high-power, light-
weight, and portable unit capable of operation from the bed of a
moving vehicle. The accelerator produces 3 KW of beam power at an
energy selectable between 12.5 and 14 MeV. The electron beam will
strike a converter to give over 300 R/s bremsstrahlung radiation.

This paper describes the accelerator system and the associated
control features.

This work was supported by DARPA and the Sandia National
Laboratories.

FE 4 Induced Activity in Scintillation Detector in Space,* X. ZHAO, Vanderbilt University, Nashuille. (20 min.)

An expenmental system was flown on the Space Shuttle Columbia on August 8 13, 1989 as part of the Shuttle Activation
Monitor (SAM) program!. Gamma ray spectra were collected both during flight and after landing from two 3 x3

scintillation detectors, Nal and BGO. The shuttle was in a high inclination(57°) orbat, at an altitude of 160 nautical miles
which provided exposure to the trapped charged particles in the South Atlantuc Anomaly (SAA) as well as the electrons 1n the
Polar regions, The induced radiations observed by the deiectors resulted from both extemal and micrnal sources activated by
the interaction with the energetic charged particles. The flight data analysis indicates variations of the induced external
radiation as a function of geomagneuc vourdinates and amount of shielding, whereas the post-landing data exhibits induced
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nternal radiation from the two different types of detector materials. Based upon the data analysis and our own expenences, a
new experiment has been proposed to measure both gamma-ray and charged particles in space.

* The SAM experiment is sponsored by the Strategic Defense Initiative Organization and flew under the management of the
Department of Defense Space Test Program. This work is done with the collaboration of A.V. Ramayya, Vanderbilt

University; P.S. Haskins, J.E. McKisson, D.W. Ely, A.G. Weisenberger, University of Florida, Gainesville FL 32609;
R.B. Piercey, Mississippi State University, Mississippi State MS 39762.

1 p.S. Haskins et al, IEEE Transactions in Nuclear Science, June 1950

FE 5 Radiation Chemistry of Cyanine Dyes. ANTHONY HARRIMAN, Unive .ity of Texas at Austin. (20 min.)

Cyanine dyes are finding increasing applications in biomedicine and merocyanine
540 (MC540), in particular, has been found to exhibit powerful antiviral
activity. The mechanism of the in-vivo process is unknown but may involve
electron transfer reactions. Under pulse radiolytic conditions, MC540 is
reduced by solvated electrons and 2-hydroxypropyl radicals to form an unstable
w-radical anion. This specizs undergoes rapid disproportionation, in which a
carbonyl function is reduced to the corresponding alcohol, but it reduces oxygen
to superoxide ions in aerated solution. oOxidation of MC540 can be achieved
using trichloromethyl peroxyl radicals in aqueous 2-propanol solution. The
initial product appears to be an adduct, which undergoes sub-millisecond
rearrangement to a ring-closed structure. This latter species retains the
cytotoxicity of native MC540 and seems to be the active reagent responsible for
killing viruses.

FE 6 Railgun Experiments at The University of Texas, Center for Electromechanics.
R. J. HAYES, University of Texas at Austin. (20 min.)

The Center for Electromechanics at the University of Texas at Austin (CEM-UT) presently has five
experimental electromagnetic (EM) launchers or railguns in operation. An additional ten, fully
operational railguns are presently decommissioned and five new launchers are being fabricated.
Several different parallel rail configurations and geometries are being studied as well as augmented
rails and coaxial launchers. Recent tests utilizing the magnetic flux generated in a coil have
produced promising results for work with coilgun launchers. CEM-UT’s launchers have been used
in a wide variety of experiments. Fifty to five hundred micron diameter particles have been
accelerated up to 17 km/s to determine the effects of micro-meteorite impacts on materials used in
space applications and 2.6-kg packages have been launched to 2.6 km/s (8.5 MJ muzzle energy) in
ballistic tests. Paper studies on launching 100-kg payloads at 10 km/s have also been ecnducted to
determine the feasibility of launching satellites with EM launchers.

FE 7 Application of Cyclotron for Radionuclide Production.
N. N. KRASNOV, Institute of Physics and Power Engineering, Obnisk, U.S.S.R. (25 min.)

SOCIAL HOUR
Tuesday evening, 6 November 1990; Union Building, Second Floor at 21:00

SESSION GA: RBS, CHANNELING, AND ERDA
Wednesday morning, 7 November 1990; Union Building, Room 410 at 9:00;
J. A, Keenan, Texas Instruments Incorporated, presiding

GA 1 In Situ RBS and Channeling Study of Epitaxial Growth of Semiconductors with Liquid Metal Mcdia.
F. X1ONG, Harvard University. {25 min.)

.

GA 2 Jon Beam Analysis Techniques at SUNY-Albany. H. BAKHRU, State Unwersity of New York at Albany. (25 min.)

The 4MeV Dynamitron Accelerator and a 3 MeV Tandem Accelerator are
being utilized for the Ion Beam Analysis at SUNY~Albany. Various
Ion Beam Analysis techniques set-up on eight beam-lines of
accelerators and commonly used are: Rutherford backscattering
spectroscopy (RBS):; Channeling; Particle induced x~ray emission
(PIXE); Nuclear reaction analysis (NRA) including Hydrogen, Lithium
and Aluminum depth profiling; A microbeam scanning system with a
spatial resolution of 2 um in conjunction with RBS and PIXE.
Studies on several Ion Beam Analysis Techniques will be presented.
Several examples of chemical and microstructural analysis will be
given.
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GA 3 Ion Beam Analysis of Lithium-Ion Conducting Amorphous Electrolyte Films.*
J. D. ROBERTSON, University of Kentucky. (25 min.)

A new IBA facility capable of simultaneous PIXE, PIGE, and RBS analyses has been
installed at the University of Kentucky 7.5 MV, Model CH Van de Graaff
accelerator. The facility was initially used to determine the stoichiometry of 1
to 2 um thick xLi20:yS102:2p205 amorphous films by PIGE and RBS nnalyses. The
nondestructive PIGE determination of the Li content of the films proved to be more
reliable than SIMS analysis and more convenient than atomic absorption analysis.
Deficliencies on the order of 20 to 50% in the Li20 content of the films prepared
from sintered targets resulted in decreases in the conductivity by as much as six
orders of magnitude at room temperature.

*Work done in collaboration with J.B. BATES, N.J. DUDNEY, and R.A. ZUHR, Qak Ridge
Natio ory. .
~Supported by the National Science Foundation and the Kentucky EPSCOR program.

GA 4 Study of Hydrogen Content in Solids by ERDA and Radiation-Induced Damage.*
J. TIRIRA, Laboratoire Pierre Sue, CEA/DSM/DPhG Cen de Saclay, France. (25 min.)

A simulation-optimisation algorithm is described for hydrogen determination based on elastic recoil
detection analysis induced by 1.8 - 3 MeV 4He ions. The effect of straggling, multiple scattering and
geometrical spread are taken into account in the simulation. The scattering cross section are taken
from theoretical and experimental datat-2. Hetsrogeneous hydrogen concentration depth profile can be
derived from experimental spectra in semi-automatic mode (Gaby Code)®. The capabilities of this
absolute method are Ziscussed in terms of gensitivity, probing depth, depth resolution and detection
limit. The hydrogen measurements are interpreted in relation to the damage induced by the ¢He
microbeam. It is shown that the hydrogen distribution can change during the “He irradiation, depending
on the local structure of target material. In particular, the influence of the thermal gradient around
the incident beam impact and of the energy loss along the: helium beam track is discussed. This
procedure is applied to study the hydrogen distribution in thin polymer films irradiated by high energy
heavy fons (Kr 230 MeV), natural and synthetic glasses using a nuclear microprobe.

* gupported by the Fundamental Research Institute CEA/CEN Saclay

L R. Benenson, L. Wielunski and ¥. Lanford, Nucl. Instr. and Meth. B34 (1986) 453.

t J, Tirira, P. Trocellier, J.P. Frontier and P. Trouslard, Nucl. Instr. and Meth. B45 (1990) 203.

3 J. Tirira, J.P. Frontier, P. Trocellier and P. Trouslard, {(in press). Presented at the 2t Nuclear
Microprobe Conference, Melbourne Australie, 1990. Nucl. Instr. and Meth.-B°° (1990) ©°°,

GA 5 Complex Depth Profiles Derived from Ion Backscattering. J. A. KEENAN, Texas Instruments, Inc. (25 min.)

Ion backscattering provides quantitative characterization of complex combinations of
oxides, nitrides, silicides, metal conductors, and their related barrier layers which
are key structures in silicon integrated circuit fabrication. Process development
often requires an understanding of the interfaces between these layers. Ion
backscattering is especially useful in this context since depth information is
predicated upon stopping powers without liability to sputtering artifacts. The most
common method of data reduction for ion backscattering is to use a postulated layersd
structure as input to a modeling program. The correctness of the structure is inferred
from the quality of f£it to the experimental data. Buried interfaces must be
characterized by iterative fitting. The alternative presented here is to use
interactively defined regions of interest from the backscattering spectrum to compute
the depth profile. The resulting depth profiles reveal the nature of buried interfaces
to the limits imposed by depth resolution. comparison with depth profiles derived
using Auger electron spectroscopy and Ar ion sputtering and with TEM cross sections
confirms the quality of the ion backscattering depth profiles.

SESSION GB: CLUSTER IMPACTS
Wednesday morning, 7 November 1990; Union Building, Room 412 at 9:00;
T. A. Tombrello, California Institute of Technology, presiding

GB 1 Short Overview of Cluster Impacts. T. TOMBRELLO, California Institute of Technology. (20 min.)
GB 2 Surface Analysis with keV Polyatomic Projectiles.* E. A. SCHWEIKERT,** Texas A&M University. (40 min.)

Bombardment of solids with polyatomic projectiles (e.g., c52I+, C02+) results in high secondary ion (SI)
yields. For projectiles of 5 keV to 500 keV, SI yields as high as 10Z have been observed; they are up to
50 times higher than those obtained with equal velocity monoatomic ions. Our data show that the SI ylelds
increase with the mass of the projectile and its velocity. The SIs are identified by TOF-MS in an event-
by-event counting mode, allowing the study of sputtering phenomena in the limit of a single projectile-
target interaction. Moreover, the Sls emitted from a single primary ion impact can be acquired in a
coincidence mode, i.e., we can determine which masses are desorbed together from a primary Iimpact
site. The analytical significance of these findings will be discussed, in particular the prospects for
surface mapping with high planar resolution.

*Supported in part by NSF Grant INT-8801783 and by CNPg. b
**In collaboration with M.A. Park,® E.F. da Silveira,® C.V. Barros Leite,” J.M.F.
Jeronymo,®
’
*)pexas A&M University, College Station, TX 77843-3144, USA.
Pontificia Universidade Catolica, Rio de Janeiro, Brazil.
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GB 3 Molecular Dynamics Simulations of Energetic Cluster Impacts on Metallic Surfaces.*
M. H. SHAPIRO,* California State University. (40 min.)

A modified version of the multiple-interaction code SPUT2 has been used to
simulate impacts of 32~ and 63-atom metallic clusters (Al, Cu, and Au) on six and
nine layer fcc metal surfaces (Al, Cu, and Au). Simulations were carried out
with cutoff times of 100 and 500 fs for an incident cluster enexrgy of’63 keV (1
keV/atom) . Energy and angular distributions were computed for atoms ejected both
from the target and the incident cluster. For light mass clusters incident on
heavy targets (e.g. Al on Au) there is significant ejection of cluster material
as well as target material. Total sputtering yields were found typically to be
in the range of several hundred atoms per incident cluster for the systems
studied. The implications of these results for the use of energetic cluster ion
beams in the micromachining of surfaces will be discussed. ‘

+In collaboration with T.A. Tombrello, Caltech
*Supported in part by NSF grant DMR86-15641 at Caltech.

GB 4 Desorption Induced by Cluster Bombardment, S. DELLA-NEGRA, Instituto de Physique Nucleaire, France. (40 min.)

SESSION GC: MEDICAL APPLICATIONS OF ACCELERATORS
Wednesday morning, 7 November 1990; Union Building, Room 411 at 9:00;
V. Valkovic, International Atomic Energy Agency, Austria, presiding

GC 1 Advances in Medical Applications of Low-Energy Accelerators.
V. VALKOVIC, International Atomic Energy Agency, Austria. (20 min.)

Nedical applications of low energy accelerator include:

~ radiotherapy with ions, based op improved understanding of interaction of charge particles with
living tissues; )

~ radioisotope productions and their applications in radiopharmaceuticals as well as positron
emission tomography:

~ material productions and modifications to meet special requirements;

= the use of nuclear analytical methods and procedures for laboratory studies and routine
mezsurenents.

Recent advances in these fields are critically susmarized. Plan for aa improved charged particle

facility in hospital environment dedicated to applications in biology and sedicine is presented.

GC 2 Automatic, Sterile, and Apyrogenic Delivery of Pet Radiotracers from the Cyclotron to the Patient.
J.R. VOTAW,! Vanderbilt University. (20 min.)

The efficient delivery of sterile and pyrogen free tracers has been a limiung factor in performing muluple PET studies that
use a small accelerator to produce the isotopes. Rapid delivery is required because of the short half-lifz (10 or 2 mins.) and
the limited production capabilities of 11 MeV proton only cyclotrons. Remote administration 1s necessary 1n order to reduce
the radiation exposure to the person administening the radiopharmaceutical. To increase the throughput and efficiency of the
PET center, one technologist must be able to produce the tracer while concurrently preparing the patient for scanning, An

automatic delivery, remote injection system has been developed to administer either 13N labelled ammoma or 150 labelled
water to patients. Production of the tracer is initiated from the scanner room through a remote terminal connected to the
cyclotron. In the case of ammonia, at EOB the aqueous ammonia is pumped into a teflon tube (1/16 1n. OD, 0.030 1n. ID)
with an HPLC pump and then driven to the scanner (50 feet distant) with high pressure helium where it is collected ina
vessel within a dose calibrator. Typically, 18 & 1 mCi is delivered to the scanner 20 £ 0.25 minutes after requesting
ammonia from the cyclotron. In the case of labelled water production, target gas containing 50 1s 15 kept at saturauon 1n
the target until it is transferred to the scanner where it is converted to water over a platinum caralyst then collected in the
vessel in the dose calibrator. Typically, 260 £ 30 mCi is delivered 45 seconds after the technician requests delivery. The
dose is injected using a syringe pump to withdraw the activity, a three-way valve is then switched and then the same synnge
pump is used to infuse the tracer into the patient through preset IV lines. The whole system (excl. target material) 1s washed
with 80% EtOH whenever any part is disassembled (e.g. installing a new target). The system is washed with 20 ml of
sterile water twice at the beginning of cach day and these washes are tested for pyrogens at 3 and 0.1 EU/m thresholds.
Since the tracer is delivered in approximately an 8 mi bolus of water, the next delivery through the system is considered safe
for injection if pyrogens are not detected at the 3 EU/ml threshold in the second wash. In practice, it 1s rare that pyrogens
arc detected at the 0.1 EU/mi level. Time delayed tests show that the system may be left left unused for up to 6 hours
before the daily washes must be repeated. :

IThe author acknowledges the contributions of JA Clanton and DB Cashion.

GC 3 A Comprehensive Cyclotron Program at a Medical Facility.* M. L. MALLORY, Unicersity of Texas. (20 mmn.)

Cyclotrons are being installed at medical facilities at an increasing rate. At these
facilities, the prime consideration for use of these cyclotrons are for medical
applications. Secondarily, the cyclotron may be used for basic research and
commercial isotope production. At the H.D. Anderson Cancer Center (MDACC) the
cyclotron facility is utilized for all three applications. The cyclotron is used for
neutron therapy of patients during the vcrking hours of 8:00 AK to 5:00 PH. The
cyclotron also produces short-lived positron emitting isotopes for a hospital based
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PET imaging program for cancer during the early sorning hours. The challenges are to
develop cyclotron research and industry programs that effectively utilize the
resaining time. We find that the flexibility of our cyclotron, sultiple extraction
ports and differant vaults, are ioportant parazeters in establishing the multiple
applications and this paper will contain examples of our ongoing and planned usage.

*Supported in part by the National Cancer Institute Nol-CH-57775

GC 4 Hospital-Based Proton Linac for Particle Theory and Radioisotope Production.
A.J. LENNOX, Fermi National Accelerator Laboratory. (20 min.)

Taking advantage of recent advances in linear accelerator technology it is possible for a hospital to use
a 70 MeV proton linac for fast neutron therapy, boron neutron capture therapy, proton therapy for
ocular melanomas, and production of radiopharmaceuticals. The linac can also inject protons into a
synchrotron for proton therapy of deep-seated tumors. With a 180 microampese average current a
single linac can support all of the above-mentioned applications. This paper presents a conceptual
design for 2 medical proton linac, switchyard, treatment rooms, and isoiope praduction rooms.
Special requirements for each zpplication are outlined and a method for sharing beam among the
applications is suggested.

GCS5 Cyclotron Production of Medical Radionuclides.
RICHARD M. LAMBRECHT, King Faisal Specialist Hospital and Research Centre, Saudi Arabia. {5 min.)
(Invited Poster Paper: See Poster Display PB’ 55)

Bccelerators with energies of 45 MeV and less are experiencing an increasing role for production of medi-
cal radionuclides required for improved health care delivery. BAdvances in gas, liquid and solid targetry
that have occurred since Sajjad's review at the 10th Denton Conferencel will be the f point of
discussion. The excitation functions for proton induced reactions cn 99.9% enrichment 124Xe resulting in
formation of 123cg=123xe~1231 will be illustrated to show the 1231 thick target yields cbtainable (ie
24.5, 16.5, and 10.5 mCi/ukh) with cyclotrcn energies of 40, 30 and 26 MeV, respectively2. The Rern—
forschunaszentnm Karlsruhe has demonstrated that the method permits production of 1-3 Ci of ultrz high
purity 1231 in 4-6 hr irradiations at using a 50 uA beam. The 122Xe-1221 generator could be developed
with a Broduction rate of 3.5 mCi/uph using 42-35 MeV protons ca 99.9%8 124Xe. Alternatively the
122401227 generator is attainable using 30 MeV alphas on isotopically enriched 120Te targets. There has
been resurgent interest in 67cu, 73se and 1241, Erphasis will be placed upon the design, fabrication of .
targetry and other relevant parameters using expensive isotopically enriched target matrices.

1 M. Sajjad and R. M. Laxzbrecht. Nucl. Instrum. Meth. Phys. Res. B49/41 (1988) 1100-1104.
2 P. Tarkanyi, S. M. Qaim, G. Stocklin, M. Sajjad, R. M. ILasbrecht and B. Schweichert. Int. J. 2gpl.
Radiat. Instrum, Part A (submitted).

GC 6 Preliminary Design of 2 Reduced-Cost Proton Therapy Facility Using a2 Compact, High-Field Isockronous Cyclotron.
Y.JONGEN, Jon Beam Applications SA, Belgium. (20 min.)

It is generally agreed that, among the different kinds of radiations usable for radiv therapy, high encrgy proton beams exhibit the best ballis
specificity However, the development of proton therapy has been hindered by the size, cost and complexity of high energy aucelerators. ¥
have therefore tried to design a complete proton therapy facility where the size, the investment, the complexity and the cost of operatr
would be minimized.

To cptimize the simplicity reliability of the system we seleuted a non superionducting isochronous cyclotron as accelerator. The magnet v
high field (3 09 Tesla peak field, 2.165 Tesla average ficld at extraction ) deep valley design, using 130 kW 1n conventional cosls. T
complete cyclotron is split in two parts at the median plar.c. The upper half can be quickly raised by one meter, using hydraulic jacl
allowing an unrestricted access to all cyclotron elements.

The cyclotron would then feed two or three isocer..... gantics. IBA has developed 2 new concept leading to isocenine ganines of reduc
sizt_ and cost This new gantry desiga allows to reach infinite “sourte fo patient distance” with a gantry not exceeding 2.5 m total maximu
radius.

The dose delivery system has been reviewed to optimiize duse aceuravy, unifonmity and speed of dehivery. In the axial motton , the magne
sweep is controlled by a dose integrator, guarantecing an unifonn dose ire:pectively of nunos intensity flectuations.

SESSION GD: PIXE
Wednesday morning, 7 November 1990; Union Building, Golden Eagle Suite A at 9:00;
H. A. Van Rinsvelt, University of Florida, presiding

GD 1 The Analysis of Surface Layers with PIXE, R. D. VIS, Free University, ke Netkerlords. {20 min}

GD 2 On the Use of a Modern Low-Energy Germanium Detector for PIXE.
WILLY MAENHAUT, Unicersity of Gent, Belgium. (20 min.)

Recent progress in low-energy Ge (LEGe) detectors has for effect that such datectors
are increasingly considerad ag a viable alternative to Si(Li) detactors for anergy-
dispersive X-ray spectroxetry in a variety of applications, including PIXE. In the

first part of our study, the performance of a current LEGe detector was ccmparsd Lo
that of a top-quality Si(Li) detector thrcugh measureasents witih X-ray sources. Loty
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and short peak tails, and enerqgy .esolution and detection efficiency as a function of
energy were examined. Both detectors were subsequently used for PIXE measurements on
atmospheric aerosol filters and biological samples, which are typical study objects
for PIXE analysis. All PIXE bombardments were done with a 2.4 MeV proton beam, and the
X-ray signals of the 1 to 25 keV energy region were collected in the PIXE spectrum.
The results of the varicus experiments are discussed, and our conclusions with regard
to the applicability of LEGe's for PIXE are presented.

GD 3 Acceleratos Analysis of Museum Objects at the Louvre.
B. KUSKO, Acceleratrur Grand Louvre d’Analyse Elementaire, France. (2" «aun.)

GD 4 Application of PIXE in the Study of Shell Fish. C. P. SWANN, Bartol Research Institute. (20 min.)

The Bartol in-air PIXE system has been used to study the elemental composition of many varieties of sea
life; the sensitivity for the elemer.. from Na to Sr is good, a reasonable spatial resolution is
attainable and little preparation o) :he samples is required. Two examples are cited. First, the
composition of the interior nacreous and calcitic regions of mussels (Mytilus edulis) taken monthly
(1981-1982) from the Damariscotta River, Maine, has been measured and, second, the shell and soft tissue
of oysters (Crassotrea virginica) grown under laboratory conditions on substrata of compacted residues
from coal-fired power plants have been analysed. The mussel study shows a rather large anomaly in the
Sr/Ca ratio for the nacreous region for May which suggests a possible connection with the reproduction

cycle. The oyster study demonstrates that power plant residues provide a good substrata for the growth of
healthy, non-toxic oysters.

GD 5 Trace Metal Distribution in Aquatic Systems as Studied by PIXE Analysis of Water and Sediment,
G. GHERMANDYI, Istituto Osservatorio Geofisico, Italy. (20 min.)

The PIXE technique 13 used to measure trace metal concentrations (Ti, V, Cr, Mn, Fe,
Cu, Pb) in water and sediment samples collected in a shallow water area (Venice Lagoon
- Nothern Adriatic Sea, 1Italy). The objective is to investigate pollution progress in
this aquatic system and to understand the mechani.ms of pollutant distribution, in
order to know their final fate. A test area at the main land - lagoon interface |is
constantly monitored with survey ¢f chemical-physical-hydrodynamical parameters; the
metal distribution in its surface sediments has also been mapped. Under comparable
weather conditions, sampling campaigns have been performed at the mouths of & polluted
channel discharging in this area. During the time period of one tide half-cycle, water
samples have been collected long the vertical stream profile, in order to test the
effect of salt and fresh water mixing on metal distribution. Sample filtration in
field allows analysis of soluted anu suspended matter. .

GD 6 Trace Element Analysis with Synchrotron X-Ray Reams.* A. C. THOMPSON, Lawrence Berkeley Laboratory. {20 min.)

We have developed a hard x-ray (6-15 keV) microprobe. that uses a pair of
multilayer coated x-ray mirrors to focus a white radiation synchrotron beam. The x-
ray microprobe can detect femtogram amounts of trace elements within a counting time
of 60 sec. A major advantage of the x~ray microprobe is that the specimen does not
have to be placed in a vacuum or to undergo special contrast-enhancing preparation.
&#n inherent characteristic of these x-ray mirrors is that they act as a broadband
morzochrcmator which reduces the backaround underncach the fluorescent x-rays. A spot
size of 2 um ¥ 2 um has Leen achieved, Sample applications of this microprobe to
geophysi tal, materizls sclence and biology problens will be presented.

* Supported by tha U.S. Department of Energy under Contract DE-AC03~76SF0098.

GD 7 X-ray Flusrescence for Heavy Meta! Dust Alarms in the Industri.l Workplace,
G. M. THOMSON, U. 5. Ariay Ballistic Research Laboratory, Aberdeen Proving Ground. (20 min.)

Two x-ray fluorescence (XRF) devices for the analysis of particie-bearing aerosol: at the
worksite have beep developed. Thay provide values of the mass .nrcentration M for each element
2>22 in the avrosoi in mirates - in time for :orrzctive action before harm to workers or the
environment takes place. The two device; separately span different regimes of M, one at
"smokestack" levels {milliyms/r? ), the o.her at chronic worker expOsure thresholds
(microgms/m3 ), The high M cavice frradiates the aercusol directly with the output of an
interchangeable anode x-ray tube and detects returning XRF photons. The more complex low M
version pumps the aerosol through a section of filter paper tape which, in turn, undergoes
on-site XRF analysis using Cd-109 x-rays, BSoth devices ara totally seif-.cntained using small
gas propartional counters and muitichansel analyzers for detaction end counting. Bo*h also
employ digital automation of instrument control, data raduction and recordkeeping.

G» 8 Eveporated and Implanted Reference Layers for Calibration in Yon Boum Analyis.t
U. WATIJEN, CEC-JRC, (zntral Burcau fu~ Nuclear Measurements, Belgium, \5 nun.) {Invited Poster Paper. See Poster Display PB 57)

The potential of thin reference layers prepared by the Central Bureau for Nuclear
Measurements especially for calibration purposes in ion beam analysis is presented.
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Our special preparation prou..ure is outlined, making use of an u}trahigh vacuum
microbalance with the substitution principle of weighing applied.” Besides thin
metal layers evaporated onto vitreous carbon substrates, which can serve for
external yield calibration as well as for energy calibration®, we are making use

of thin layers as internal standards on implanted sazples in order to perform
high-accuracy determinations of the retained docsz. Xn turn those implants are made
available as reference samples, Further we prepare special compound layers in order
to support the further improvement of PIXE (and EDXRF) spactrum evaluation codes
with respect to unresolved peaks. Varying mass ratios of the interfering elements
allow the systematic investigation of the code behaviour in such conditions.

b This work was performed with continuous support by H. Bax and P. Rietveld.
2lil.r..ln;chl:oach, I.v.Mitchell, and E.Louwerix, Thermochimica Acta 51, 33 (1981).
U.W8tjen, D.Schroyen, E.Bombelka, and P.Rietvsld, Nucl. snstr. and Meth. in Phys.
Res. B50, 172 (1990).

GD 9 X-Ray Microfocusing Studies at ELETTRA,
F. ZANINL* Sincrotrone Trieste and Istituto Nazionale Fisica Nucleare, Italy. (20 min.)

The development of Synchrotron Radiation (SR) beamlines dedicated to trace-element microanalysis
has given a new impetus to the design of X-ray microprobe systems. The use of SR Induced X-Ray
Emission (SRIXE) for analytical purposes allows the measurement of elemental concentrations at
levels not detectable with other excitation sources. The main advantages of using X-rays rather than
protons or electrons are the smaller amount of energy deposited by X-rays, a higher penetration and
the possibility of analyzing wet samples in air. A number of techniques is presently available for X-
ray focusing (metal coated curved mirrors, bent crystal monochromators, multilayer coated optics,
Bragg-Fresnel lenses). At ELETTRA, the 2 GeV high-brilliance photon source under construction
by Sincrotrone Trieste, different hard X-ray microprobes are being studied for analyzing and
imaging biological and geological materials, complementing the information obtained with optical,
electron and soft X-ray microscopes. The high-brilliance SR facilities of the last generation are
particularly suitable for this kind of microprobes. At SR sources with relatively low energies, like
ELETTRA, microprobes for mapping light elements should be developed, even if our evaluations
show that a reasonable minimum detection limit can ts achieved for a wide range of chemical
elements, ELETTRA is the optimum source for soft X-ray microscopy of biological samples in the
water window, but the possibility to combine this technique with elemental mapping at the same SR
facility is particularly attractive for the life science community.

* In collaboration with R, D;voti, C. Tuniz, F. Zontone.

SESSION GE: ATOMIC PHYSICS AND RELATED PHENOMENA
Wednesday morning, 7 November 1990; Union Building, Room 418 at 9:00; S. L. Varghese, University of South Alabama, presiding

GE 1 Recent Experiments on the KSU CRYEBIS.* M. SCHULZ, J. R. Macdonald Laboratory, Kansas State University. (20 min.}

The CRYEBIS at KSU has bzen in operation since April 1989, We report here on experimental results obtained
since then. In one experiment Dielectronic Recombination (DR) was studied for He-like Ar. The ratio of the Ar'*
and the Ar'®* yields as well as the Ar K x-ray yield were measured as a function of the electron beam energy.
Absolute cross scetions were obtained for a number of doubly excited states populated by DR and are in very good
agreemert with theoretical calculations. In a second experiment we measured K x-ray yields from slow H-like Ar
interacting with a single crystal Ge surface as a function of the projectile velocity component perpendicular to the
surface v, v, was varicd by rotating the target with respect to the beam axis. An angular range of 1° (near grazing
incidence) to 60* was covered corresponding to initial vertical projectile energies of 15 eV to 38.2 keV. An increase
of the x-ray yield as well as a shift of the K x-ray lines to higher energies with decreasing v, was observed. A
characteristic time for an electron captured above the surface to cascade dowm all the way to the K shell of
approximately 10" sec was extracted from the data.

* Supported by the Division of Chemical Sciences, Office of Basic Energy Science, Office of Energy Research, U.S.
Department of Energy.

* Inst, F. Kernphysik, Univ. Frankfurt, Frankfurt, FRG.

GE 2 Electron Emission in Heavy-Ion Collisions.*
H. SCHMIDT-BOCKING, Universitdt Frankfurt, Federal Republic of Germany. (20 min.)

Recent data on the &-electron emission in heavy lon-atom collisions are presented. From the
comparison of the experimental energy~ and angulsr distributlone far Urs-‘-m rare gas colllsions
with nCTMC calculations information on the ionlsation process can be deduce . .. *» demonstrates the
importance of the polarlsation of the electronic states in the strong tw: .en. potential of the
nuclel. Using electron-particle coincidence techniques, mnuitiple di**ar at ' electron emission
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probabilities have boen measured, which illustrate the strong deviations compared to light ion
impact.

* gupported by GSI, Darmstadt and Bundesministerlum filr Forschung und Technologie (BMFT), FRG

GE 3 Atomic Physics Experiments at ORNL-ECR Multicharged Ion Source Facility.
R. A. PHANEUF, Oak Ridge National Laboratory. (20 min.)

Atomic physics experiments in electron-ion, ion-atom and ion-surface interactions are being carried out at the ORNL-
ECR Multicharged Jon Research Facility.'! The experimental techniques include mierged and crossed beams, which
require relatively high ion beam intensities, as well as gas-target and particle-surface interaction studies. To maximize
the utilization of ths facility for research, the beamlines and apparatus have been designed and organized such that high-
intensity, low-energy beams of multiply charged jons may be switched to any one of five different experiments, four of
which require ultrahigh vacuum conditions. Results from some of these experiments will be highlighted, as well as plans
for a recently-initiated upgrade of the ECR jon source from 10.6 GHz to 14.5 Ghz. This upgrade will increase high
charge-state performance, opening up additional collision systems to experimental study.

*Operated by Martin Marietta E.ergy Sy..ems, Inc,, for the U.S. Department of Energy under Contract No. DE-ACO05-
840R21400.
IF. W. Meyer and J. W. Hale, Rev. Sci. Instrum, 61, 324 (1989).

GE 4 Physics of, and Recent Results from Lawrence Livermore EBIT Source.*
P. BEIERSDORFER, Lawrence Livermore National Laboratory. (20 min.)

The electron beam ion trap (EBIT) at Lawrence Livermore is a powerful tool for studying the physics of highly charged ions. EBIT
uses an electron beam to produce, trap, and excite ions, and charge states as high as nconlike U82* have been investigated. Since
EBIT was conceived as an X-ray source, precision x-ray techniques have been developed to study electron-ion interactions. As
examples, we present novel schemes to infer outershell and innershell ionization cross sections from high-resolution x-ray
observations, and discuss recent measurements of dielectronic recombination of Fe XXV which are state-specific. High-resolution
x-Tay techniques have also allowed us to investigate the atomic structure of highly charged heliumlike and neonlike ions. The
measurements probe the effects of relativity and GED in multi-electron ions and show systematic discrepancies with theory.

*This work performed under the auspices of the U.S. Department of Energy by the Lawrence Livermore National Laboratory under
contract W-7405-ENG-48.

GES5 Angular Distributions of Single- and Double-Electron Capture in Very Slow Ar**-Ar and Ar®*-He,ar,Xe Collisions.!
C. BIEDERMANN, University of Tennessee. (20 min.)

Capture-state resolved angular distributions of one- and two-electron processes.in 19 to 800 eV Art*.Ar collisions
have been measured. Structure in the experimentally observed angular distribution of single-electron capture
to six close-lying 4p LS-levels of Ar*t is reproduced by using a seven-channel classical trajectory Landau-Zener
calculation to demonstrate that the main features are caused by multiple rainbow scattering. From the angular dis-
tributions for the true double-capture process it is seen that a two-step mechanism involving the 4p single-capture
channels, which then couple to the double-capture potential curves, duminates the two-electron transfer. Angular
differential one- and two-electron capture in 60 to 1200 eV Ar%+-He collisions have been measured. Model calcu-
lations indicate contributions of two-electron transfer to explain the structure of the single capture distribution’.
Iu the case of the 32 to 800 eV Ar®*-Ar collisions, several active nl-channels of the single-electron capture process
give rise Lo structures in the angular distribution. The energy-gain spectra of doub%e-electron capture has two
main peaks, of sekich only one also decays via autoionization. The corresponding angular distribution for transfer
jonization shows a subset of structures seen in the true double-capture angular distribution. The differenc. be-
twﬁ?} angular distributions of autoionizing double capture and true double capture is even larger for Ar®* on Xe
collisions.

In collaboration with H. Cederquist®, L.R. Andersson®, J.C. Levin, R.T. Short, S.B. Elston, J. P. Gibbons, H.
Andersson*, L. Liljeby*, N. Keller and LA. Sellin. *Manne Siegbzhn Institute of Physics, Stockholm, Sweden.
1Work supported in part by the National Science Foundation and by the U.S. Department of Energy under contract
No.DE-AC05-840R21400 with Martin Marietta Energy Systems Inc. ! L.R.Andersson, this conference.

GE 6 Angular Distributions for Electron Capture from He by Low-Velocity Ar“ Ions,
W. T. WAGGONER, Hastings College. (5 min.} (Invited Poster Paper: See Poster Display PA 28)

Angular distributions, do/de vs, o, fog elgctron captgfe from He
were measured for Ar§+ projectlles’produce n a reco ion
source at the J. R. Mgf onald abogatory at K%nsas State
University. rojectile energies betwsen 1287 and 296 eV were
sed. +° 1287 eV E?e distribution contains a main peak lying
iust ingide the ha Coulomb anfle, ¢c = Q/2E, for capturg to a
R fénal tatg. Ai the ptojegtg e energ¥ dgcreases the width of
the distribution.increases with the contributions inslde 6c
increasi¥g n magnitude, and with the location of the primary
peak shi inf to angles substantially inside 6c. t the lowest
egergies additional structure begins to appear at ar%e angles,
where at 296 eV the primar¥ agd secondary geags heights are the
same_magnjitude. Using a simple two state diabatic curve crossing
model employing Coulomb potential curves, angular distributions

Vol. 35, No. 8 (1990) 1754




Wednesday Afternoon

have been calculated at the highest and lowest projcctile
energles.

*Hork supported by the Division of Chemical Sciences, Office of
Basic Energy Sciences, Office of Energy Research, U. S.
Pepartment of Energy.
Collaborators included C. L. Cocke, Kansas State University., E.
. Kamber, Western Michigan University., S. L. Varghese, South
Alabama University.

GE 7 Electron Capture by O®* from Aligned Molecular Deuterium.*
S. CHENG, Kansas State University. (5 min.) (Invited Poster Paper: Sec Poster Display PA 29)

Cross sections fur ionization and electron capture for 10 MeV oxygen ions in collision with molecular deuterium
targets were measured. The experiment was performed by applying an extraction electric field perpendicular
to the beam axis to project the whole velocity distribution of the recoil ions into a two-dimensional position
sensitive detector. By additional measurement of the time-of-flight of these recoil ions, we are able to reconstruct
the three dimensional velocity distribution. From the reconstructed results, the dependence of the cross sections
on the alignment of the molecular axis with respect to the beam axis was determined. Detailed experimental
techniques and results will be discussed.

* This work was supported by the Division - “ Chemical Sciences, Office of Basic Energy Sciences, Office of
Energy Research, U.S. Department of Energy. Work performed in collaboration with C.L. Cocke, E.Y. Kamber,
and S.L Varghese.

GE 8 Detection of Long-Lived Highly Excited Ions by Means of Charge-Stripping Processes.
E. Y. KAMBER,* Western Michigan University. (5 min.) (Invited Poster Paper: See Poster Display PA 7)

Translational energy spectroscopy is being used for detection of metastable and long-lived
highly excited Ar®* and Kr®* ions, produced in an electron impact ion source, by means of
state-selective single-electron stripping processes in collisions of 2-8 keV Ar®* and Kr®*
1ons with rare-gas atoms. Translational energy-loss spectra indicate that stripping of a
single electron from Ar® occurs predominantly by a reaction channel due to ionization of
long-lived highly excited states with excitation energies very close to the ionization
potential of Ar®". This reaction channael is found to be overwhelmingly daminant at
electron impact energies E, 2 87 eV and is consistent with the energy for the production
of Ar®", Weaker processes are also observed due to ionization of highly excited
metastable states of Ar®* such as 3d, 4s, 4p and 4d with excitation energies from 18 to

35 eV, low-lying metastable, and che ground state of Ar®* ions. These highly excited ions
are found to be more sensitive to charge-stripping processes than electron capture
processes.

“Work done in collaboration with A. G. Brenton, Mass Spectrometery Research Unit,
University College of Swansea, Swansea, SA2 8PP, U.K.

GE 9 Electron Encrgy Distribution in Multiply Ionizing Collisions, Differential in Recoil Charge States.
H SCHOENE, Oak Ridge National Laboratory. (5 min.) (Invited Poster Paper: See Poster Display PA 24)

SESSION HA: SUPERCONDUCTING SUPER COLLIDER DETECTORS
Wednesday afternoon, 7 November 1990; Union Building, Lyceum at 14:15;
F. T. Avignone, University of South Carolina and M. Month, Brookhaven Natjonal Laboratory, presiding.
HA 1 Solenoidal Detector Collaboration. G. H. TRILLING, University of Califorma art Berkeley. (25 min.)
HA 2 The L* Detector at the SSC, D. DIBITONTO, University of Alabama. (25 min).
HA 3 The Empact Detector for the SSC. J. E. BRAU, University of Oregon. (25 min.)
HA 4 “TEXAS": A Calorimeter-Based High-Rate Detector for the SSC. L. SULAK, Boston University. (25 min.)
HA 5 A Super Fixed Target B-Physics Facility. B. CQX, University of Virginia. (25 min.)

HA 6 Proposed Detectors for the SSC. N. LOCKYER, Unwersity of Pennsylvania. (25 min.)

SESSION HB: ACCELERATOR TECHNOLOGY
Wednesday afternoon, 7 November 1990; Union Building, Room 410 at 14:00; K. Bethge, University o1 . . .nkfurt, presiding
HB 1 The Texas A&M K500 Cyclotron Facility.* D. H. YOUNGBLOOD, Texas A&M University. (20 min.)

The Texas ARM KS00 cyclotyon, using a PIG scurce, produced first beem in Qwme, 19568, with besm
delivered for experiments in July, 1988. Performence and reliability improved conaidstebly with
the completicn of an EXR sorve in Movesber, 1969. The design limits of the cyclotron allow
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delivering Q/A = 1/2 besms to 80 MeV/mucleon and uranitm beams to 8 HeV/mucleon vith current BCR
sarcve technmology. Detrumentation is in cperation or under construction for a vavriety of
studiss. A 4 pi neutron calorimster for heavy ion reaction studies is now in operation, a proton
spectrameter for (d,7He) and (n,p) studies of Gamow-Teller states is nearing cospletion, a 57
element Ba¥, arvay is on order, a beta spectvometer for shudying anammlous positronrelectron
enission fyom very hwevy ion reactions will be ready this yeer, axd a recxoil mass spectyometer of
new design cepable f beam rejaction for most yeactions of interest is under construction.

*Supported in part by The Robert A. Welch Pomdation and the U.S. Department of Energy under Grart
DE-PGO5~BGERA0256.

HB 2 Status of the K1200 Cyclotron at the NSCL.* P. MILLER, Michigan State University. (20 min.)

During the past 16 months the K1200 cyclotron has delivered heavy ion beams to an interim target
area while beamlines and target station equipment were converted to their planned final (Phase 2)
configuration, This construction and subsequent testing will be completed by the end of 1990.
The target stations and detectors are S320 (magnetic spectrometer), 4 pi Array, Miniball, 92 inch
chamber, U of M superconducting solenoid, RPMS (reaction product mass spectrometer), and the
activation and recoil implantation station. A beam analysis system called the A1200 connects the
K1200 cyclotron to the rest of the beam transport system. It is designed as a large acceptance
fragment separator to produce and deliver radioactive secondary beams to other experimental
apparatus. The K1200 cyclotron and its predecessor, the K500, receive ions from any of 3 ECR ion
sources via a beam switchyard. Either cyclotron may be used independently. The highest beam
energies delivered so far are 100 MeV/u for !*N and “°Ar, 85 MeV/u for 2°Ne, 60 MeV/u for °**Kr and
50 MeV/u for !%%Xe., Fully stripped ions at energies above 150 MeV/u will be available in 1991.

*Supported by the National Science Foundation #PHY89-13815.

HB 3 Calculation of “Ghost” Beam Parameters in Linear Accelerators.* J. D. FOX, Florida State Unwersity. (20 min.)

Different ion species with equal chairge/mass ratios will be accelerated
and deflected equally by an accelerator system. We have explored the
acceleration of ions with unegqual charge/mass through the F. S§. U,
superconducting linear accelerator. An example of a ghost beam which
was accelerated through the tandem Van de Graaff injector and linear
accelerator will be discussed along with examples of other ghost beam
phenomena of importance to nuclear reaction experiments.

*Supported by the National Science Foundation and the State of Florida.
The work reported here was done in collaboration with A. D. Frawley and N.
R. Fletcher.

HB 4 The Neutral Beam Test Facility and Radiation Effects Facility at Brookhaven National Laboratory.*
R. B. McKENZIE-WILSON, Brookhaven National Laboratory. (20 min.)

As part of the Strategic Defense Initiative Brookhaven National Laboratory (BN  has constructed a Neutral
Beam Test Facility (NBTF) and a Radiation Effects Facility gREF) These two facilities use the surplus capacity
of the 200-MeV Linac injector for the Alternating Gradient Syncrotron (AGS). The REF can be used to study
radiation damage effects in space from both natural and man made radiation sources. The H~ beam energy, .
current and dimensions can be varied over a wide range leading to a broad field of application. The NBTF has
been designed to carry out high precision experiments and contains an absolute reference target system for the
on-line calibration of measurements carried out in the experimental hall. The H™ beam energy, current and
dimensions can also be varied over a wide range but with restrictions depending on the required accuracy. Both
facilities are fully operational and will be described together with details of the associated experimental programs.

*Work performed under the auspices of the U.S. Army Strategic Defense Command, Huntsville, AL.

HB S A High Stability Accelerator for Ion Beam Diagnostics in a Tokamak.
J. B. SCHROEDER, National Electrostatics Corporation. (5 min.) (Invited Poster Paper. Sce Poster Display PB' 14)

A 2 MV single ended accelerator has been developed for probing a Tokamak plasma with a heavy ion beam.
This high current Pelletron is designed to deliver up to 200 uA of 2 MeV T1* for plasma diagnostics.
Stringent energy stability requirements have led to the development of an improved accelerator voltage
control system incorporating a capacitive tank liner. The special design features and performance of
this system will be discussed.

HE 6 Ion Beam Acceleration by RFQ with LC Rusonance Circuit,* Y. HAKAMATA, Hitachi Research Laboratory, Japan. (20 min.}

To develop a high current MeV implanter, ion beam acceleration feasibility using a variable
energy RF) system has been studied. The RFQ system consists of an LC rescnance circuit and
conventional RF) electrodes 1.3 m in length. The energy can be continuously varied by
changing the resonance frequency of the circuit. The electrodes are designed to accelerate an
N beam of 10 keV to 270 keV in order to investigate fundamental acceleration characteristics
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of this system An intervane voltage of 26 kV is needed to accelerate }¥'. By improving the LC
resonance circuit to generate a high voltage of razdio frequency, the intervane voltags of 40
XV at 21kW RF powsr was obtained, a value sufficient for MeV-range accelersation. Fuperimental
results showsd that N* beams were accelerated to 265 keV and Ar'* to 750 keV. Energy was
varied by changing the frequency, in agrsement with the calculated value. It was concluded
that the RFQ system driven by the LC-circuit should be very useful for MeV ion implantatica
in semiconductor fabrication.

3This work was carried cut under the RSD Program “Advanced Material Processing and Machining
System”, conducted by the New Fnergy 2nd Industrial Technology Developmwent Organization.
'Work performed in collaboration with K AMEMIYA, K TOKIGUCHI and N. SAKUDO, Hitachi Res. lLab.,
S. YAMADA and Y. HIRAO, National Institute of Radiological Science, Anagawa Chiba 260 Japan.

HB 7 Status of the ATLAS Accelerator. G. P. ZINKANN, Argonne National Laboratory. (20 min.)

SESSION HC: RADIATION PROCESSING
Wednesday afternoon, 7 November 1990; Union Building, Room 412 at 14:00; M, Cleland, Radiation Dynamiss, Inc., presiding

HC 1 Dual Linear Accelerator System for Use in Sterilization of Medical Disposable Supplies.
T. SADAT, MeV Industrie SA, France. (25 min.)

Accelerators are used for steriliztion or decontamination (medical disposables, food,
plastics, hospital waste...). Most of these accelerators are inserted in an industrial
environment and have to have a high availability. Industrial and economic constraints have
to be taken into account by the manufacturers of linear accelerators:

- the system must be flexible and reliable,

- maintenance has to be easy,

-components must be strong and available on the market (which reduces maintenance cost),

- the system must fit with handling system.
Some 10 MeV 20 kW accelerators have been operating fc> about 10 years and are well-tested
machines. Economic and industria) data are also avaiiable. In some cases, higher power
seems to be requested (because of a higher throughput). However, instead of proposing a
prototype machine with higher power,. it seems to be more reasonable to propose a dual systenm.
A dual accelerator system (composed of two accelerators) offers an optimal flexjibility and
reliability. The main advantage of this system is "all-in all-out" becaus. it does not need
a turnover of products. Such a dual system, compossd of two 10 MeV 20 kW linear accelerators
(instead of a 40 kW one), has been chosen by a Swedish company (Molnlycke). Technical,
industrial and economic advantages of such a system will be described in this lecture.

HC 2 Materials Modification with Accelerator. S. V. NABLO, Energy Sciences, Inc. (25 min.)

HC 3 The Impela 10 MeV, 50 kW Electron Linacs: Launching an Industrial Accelerator Project.
A.J. STIRLING, Atomic Energy of Canada Limited, Canada. (25 min.)

HC 4 Advances in X-Ray Processing Technology II. M. R. CLELAND, Radiation Dynamics, Inc. (25 min.)

* In collaboration with C.C. Thompson, Radiation Dynamics, Inc., Edgewood, NY; C.M. Herring
and M.C. saylor, Johnson & Johnson, New Brunswick, NJ; D.P. Sloan, CH2M Hill, Albuquerque,
NM; M.T. O0’Neill, Becton Dickinson & Company, Franklin Lakes, NJ and J.M. Hansen, Isomedix,
Inc., Whippany, NJ.

HC 5 A New Linear Accelerator Facility for the Treatment of Agricultural Commodities.
B. J. SMITTLE, Department of Agriculture and Consumer Services. {25 min.)

* In collaboration with M.E. Rhodes

HC 6 Production of Uniform and Well-Confined Beams by Nonlinear Optics.
BARBARA BLIND, Los Alamos National Laboratory. (25 min.)

Particle beams with uniform and well-confined intensity distributions are desirable for medical treat-
ment, food irradiation and ion implantation. Moreover, such beams are essential in the development
of higit-intensity accelerators whose beams are to be directed onto targets for use or disposal. One ac-
cepted method for beam shaping employs nonlinear beamline elements, in particular octupoles and to a
lesser degree magnets of even higher odd multipolarity. This method is not limited to the production of
uniform beam distributions. The history of this field is reviewed. Beam redistribution is explained and
the degree of uniformity and confinement achievable under various conditions is discussed. The effect
of beam jitter on the distribution is considered. A possible alternative to the use of combined-function
multipoles is presented. Applications of the method are given as examples throughout.

*Work supported by Los Alamos National Laboratory Program Development, under the auspices of the
United States Department of Energy.
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SESSION HD: ACCELERATOR PRODUCTION OF MEDICAL RADIOISOTOPES
Wednesday afternoon, 7 November 1990; Union Building, Room 411 at 14:00;
H. B, Hupf, Hybritech, Inc. and J. E. Beaver, Oak Ridge National Laboratory, presiding

HD 1 Alternate Methods of Stable Isotope Enrichment for Medical Accelerator Targets.
G. E. MICHAELS, Osk Ridge National Laboratory. (20 min.)

HD 2 Design, Construction, and Automation of a New Positron Emission Tomography Facility,
R. D. HICHWA, University of lowa Medical Center. (20 min.)

PET technology is becoming more widely accepted as a diagnostic imaging modality for the
determination of brain, heart, tumor and other organ system function. The number of PET centers
in the U.S. is expected to double from approximately 30 to 60 in ihe next 2-3 years. Few architects
have experience with the design of these special laboratories. There is an extreme shortage of
qualified radiochemists, physicists and technicians to staff these facilities. In order to facilitate this
expansion, criteria have been established to tailor the design of the laboratory to meet the needs of
the clinical and research community. Systems that were once handled manually can now be
automated to reduce personnel requirements. New radiation protection standards are forcing PET
Centers to develop methodologies to cut releases by 100 to 1000 fold. Alternatives to concrete
vaults for cyclotron shielding; unattended operation of the cyclotron; robotic radiochemistry;
radioactive exhaust gas monitoring and control; and integration of computing facilities for image
processing, data storage, and laboratory automation will be discussed.

HD 3 Regulation of Cyclotron Radiopharmaceutica: Production and Distributions: An Agreement State Perspective,
JON R. SHARP, Texas Department of Health. (20 min.)

While research accelerators producing radioactive material have been regulated for some time, the use
of such devices in the preparation and distribution of radiopharmaceuticals has been confined to a few
commercial firms and pioneering medical institutions. Such use requires multi-agency approval. The
agencies involved, particularly state agencies, may not always be equally informed in the state of the
art, may not have adopted positions or developed guidance with regard to their own rules for such
activities and may not have staff trained and/or available to respond expeditiously to authorization
requests. Accelerator operators may also not be conversant with applicable requirements. This
presentation will descrite the recent experience of the Texas Bureau of Radiation Control with twvo
cyclotron facilities vithin its jurisdiction.

HD 4 Radionuclide Production with 70-MeV Proton Accelerators: Current and Future Prospects.

The production of radionuclides via proton/deuteron beam accelerators is rapidly being
expanded as a result of new medical research and clinical needs. Mew diagnostic modalities
such as Positron Emission Tomography (PET) requires that short-lived (< 2 h) positron
enmitters be produced and incorporated onto radiopharmaceuticals rapidly and efficiently, and
within the groxinity of imaging facilities. Therefore, the planning and installation of
most PET facilities around the world includes a proton accelerator (i.e., cyclotron)} and
ancillary radiochemistry/radiopharmaceutical facilities. These facilities would then
operate a low-energy proton/ deuteron accelerator, capable of large production throughput,
but severely limited in their capabilities to produce other medical/ research radionuclides
or to support regional needs. While the current justification for low-energy accelerators
is strong, lonz- term needs and the expectation for PET techniques to be expanded to other
types of PET radiopharmaceuticals labeled with longer-lived positron emitters, are not being
considared. The production of F-18 via high-energy reactions, and of longer-lived positron
enitters, such as 18-h Co-55, and 6~d Te-118 -> Sb-118 (3.5 min) and 25-d Sr-82 =-> Rb-82
(1.27 min] generators, with 70-MeV accelerators is being developed (*) and would justify
considering the installation of regional-type facilities to support present (i.e., 0-15,
C-11, N-13, F-18) as well as future radionuclide production needs. Modern high-intensity H-~
accelerators are available, with simultaneous dual-beam capabilities, and high reliability
of oaperation. These accelerators should then be strong candidates to suppoert the planning
and operation of regional facilities. The integration of modern 70-MeV accelerators as a
resource to supply future needs and the expectations for an expanded role for PET, will be
discussed based upon newly-developed radionuclide production methods (1-3).

(*) Supported by UC Davis/Crocker Nuclear Laboratory Research Grants.

(1) M. Lagunas-Solar et al., Int. J. Appl. Rad. Isotopes, 39, 41-47 (1988);
(2) M. Lagunas-Solar et al., Int. J. Appl. Rad. Isotopes, 41, 349-357 (1990);
(3) M. Lagunas-Solar et al., Int. J. Appl. Rad. Isotopes, 41, 521-529 (1990).

HD 5 Utilization of a Hospital-Based Medical Cyclotron for Commercial Radionuclide Production.
T. E. BOOTHE, Mount Sinai Medical Center, Miami Beach. (20 min.)

Mount Sinai operates @ TCC (Cydiotron Corporation) CS-30 cyclotron capable of accelerating protons . 26.5
MeV. The machine was installed in 1872 and since that time has been used for radiopharmaceutical research
and development for nuclear medicine, for routine radiopharmacsutical deliveries, and for commercial sales
of radiochemicals. The emphasis in each of these areas has changed over the years with the financial
situation of the hospital being the major determinant. Various aspects of the production of gallium-67 will be
uaad to Hlustrate how a commercial operation fits into the daily schedule and controls to a large extent the

Vol. 35, No. 8 (1990) 1758




Wednesday Afternoon

goals of the facility. Recently, in order to maximize the output, we have investigated the production of several
radionuclides that are produced simultaneously with gallium-67 from the same target. Some of these are

copper-64, copper-67, and zinc-62 (copper-62), all of which are useful in radiopharmaceutical R&D and have
commercial potential.

HD 6 Scattering of Particle Beams Through Thick Foils and the Application to Cyclotron Targetry.*
D.J. SCHLYER, Brookhaven National Laboratory. (20 min.)

The growing application of PET requires the product.on of short-lived positron emitting isotopes using an accelerator with
the associated targetry. One of the important parameiers of the design of these targets is the front foil window and the
angle of scatter through this window. The case of thin windews has been extensively explored but the thicker windows
{.0025 cm t0 .0075 cm) has been less well studied. A systematic study of the scattering through these windows and a
comparison to the theoretical calculations has been carried out. A comparison of the experimental resuits to calculated
results form sevaral different theoretical models demonstrates that the simpte model predicts the results within
experimental uncertainty and the more sophisticated models are not necessary. The calculated values agree quite well
for the thinner windows if the scattering angle at the average energy of the beam is used.

* Research carried out at King Faisal Specialist Hospital Research Center, Riyadh, Saudi Arabia 11211.

SESSION HE: ATOMIC PHYSICS AND RELATED PHENOMENA
Wednesday afternoon, 7 November 1990; Union Building, Golden Eagle Suite A at 14:00;
A. L. Ford, Texas A&M University, presiding

HE 1 Multiple Ionization of He, Ne, and Ar by High Velocity N'* Ions.* O. HEBER,* Texas A&M University. (20 min.)

The velocity dependence of multiple fonization by fully stripped nitrogen ions is being
investigated from 10 to 40 MeV/amu. The He, Ne, and Ar target ion charge state distributions,
produced in single collisions, are measured by time-of-flight spectroscopy. The ratios of the
double to single fonization cross sections for He are mych larger and decrease more slowly with
velocity than the ratios predicted by current theories.® The multiple ionization cross section
ratios for Ne and Ar targets display similar behaviors and their velocity dependencies are not
replicated by independent particle model calculations. These results suggest that electron
correlation effects are more agpotCant in the high velocity regime than previously believed.

New_results with 40 MeV/amu N°” and comparisons with the semiempirical analysis of Andersen et
al.€ will be presented. .

*Work supported by the Division of Chemical Sciences of the U.S. Department of Energy and the
Robert A, Welch Foundation.
*present address: Department of Nuclear Physics, Weizmann Institute, Rehovot, Isrsel

0. Heber, B. B. Bandong, G. Sampoll, and R. L. Watson, Phys. Rev. Lett. 64, 851 (1990).

L. H. Andersen, P. Hvelplund, H. Knudsen, $. P. Moller, A. H. Sorensen, K. Elsener, K.-G.
Rensfelt, and E. Uggerhoj, Phys. Rev. A36, 3612 (1987).

HE 2 Two-Electron Excitation in Slow Ion-Atam Collisions. Excitation Mechanism and Interferences Between Autolonizing States.*
M. KIMURA, Argonne National Laboraiory. (20 min.)

By reasuring the ejected electron in coincidence with the projectile, Morgenstern and co-workers' were
able to extract information about scattering amplitudes for the He(sz) D, Be(282p) P, and He(2s%) 's
excited states in Li* + He collisions in the energy range from 1 keV to 3 keV. On the basis of this
information, they proposed excitation mechanisms. Purthermore, Morgenstexn's group2 and Furune et al.3
had previously reported the ejected electron energy distribution (EED) resulting from collisions of it
ions with He atoms in the energy range of 0.8 keV to 3 keV and the observation of several interference
structures. We have recently investigated the two-electron excitation process and the EED in HY + fe
and Li" + He collisions in the energy range 0.5 keV to 10 keV. We focused on a systematic study to
identify the origins of interferences that cause structures in the BED. Candidates we examined for
dorinance were interferonce between (i) different ¥, states of one doubly excited s*ute, (ii) doubly
excited states from both the autoionizing atomic state and the Penning state, (iii) different ionization
mechanisms (direct fonization or autolonization), (iv) different paths of heavy particles, (v) incoming
and outgoing parts of the collisions, and (vi) electrons with identical ensrgy ejectsd at different
internuclear distances. We found that caugses (ii), (iv), (v), and (vi) dominate. Our results provide a
reasonable interpretation of the structures in the observed” EED and also predict new structures (i) in
the tail on the lower side of the molecular autoionization (MA) peak and (ii) between the MA peak and
the atoric autolonizaticn peak.

*Work supported in part by the U.S. Department of Energy, Assistant Secretary for Energy Ragearch,
Office of Health and Environmental Regearch, under Contract W-31-109-ENG-38.

P. van der Straten, R. ¥orgenstern, and A. Niehaus, J. Phys. B 21, 1573 (1988).

C. J. Zwakhals, R. Horgenstern, and A. Niehaus, Z. Phys. A 307, 41 (1982).
34, Furune, F. Xoike, and A. Yagishita, J. Phys. B 16, 2539 (19€3).
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HE 3 Far uv Spectroscopy of Highly Ionized Argon Using Complementary Technique.
EMILE KNYSTAUTAS, Universite Laval, Canada. (5 min.) (Invited Poster Paper: See Poster Display PA 86)

The far uv spectroscopy of highly ionised argon has been studied with particular attention paid to
cors-sxcited metastable states. Excitation by foil-excited MeV beams is compared with single-
and double-electron capture into excited states during low-energy charge exchange of highly
lonised argon ions in helium and hydrogen targets. The use of complementary techniques aids in
fine Identification through the high charge-state selectivity of the charge-exchange process, the
use of lifetime measurements, and consideration of the different excitation and cascade processes
lwolved. Finally, comparisons are made using isoelectronic sequences and model-potential
calculations. A number of new lines are reported as well as lifetime determinations. A
concurrant experiment using MeV hydrogen bsams on gaseous argon targets is also presented.

HE 4 Convoy Electrons Produced by 50 MeV 3He?** Tons. M. MANNAMI, Kyoto University, Japan. (20 min.)

Yields of bean-foil convoy electrons are seasured at transmission of 50 MeV 3He2* fons through thin
solid foils. The folls were C, Al, Ti, Ni, Mo, Ag, Ta and Au of thickneases about 1 un, Cof
thicknesses ranging from 1u g/ca? to 100 g/ca? and Au coated by C layers of thicknesses less than 15
ita. Prom the calculated charge state fractions of the foil transmitted ions, it is shown that the
yleld of convoy electrons 1s proportional to the fraction of 3He* in the transuitted beas. They are
related by Y = K+P1, where Y is the yield of convoy electrons per ion, K is (2.4 £ 1.5) x 10-3 and F1
is 3He*~fraction in the transmitted beam. This result is shown to be explasined in terms of last layer
BLC process. The process of convoy electron production is discussed in relation to the Rydberg states
formation.

HES5 A Study of LMM Auger Spectra, Transition Energles, and Peak Intensity Varfation in Si (SitH,) and P (PH;)
Produced by 0.4 to 2,1 MeV He* Ton Bombardment, D. POWERS, Baylor University. (20 min.)

S and P M4 Auger spectra with resolution 0.45 eV produced under 0.4 to 2.1 MeV He"' ion bambardment of
silane and phosphine gas, respectively, reveal more lines (12 or more in Si and 10 or more in P) at an ion
velocity near that of the electrons in the Lz shell of the target atoms than at other ion velocities.
Auger peak enezgies, widths, and relative intensities in si and P produced with resolution 0.30 eV under 0.8
and 1.05 Mev He' ion barbardwent, respectively, are given., The Auger peak energies in Si are compared to
those produced under 500 eV electron-bambardment elsewhere and to existing theory, while those in P are
discussed.

'm collaboration with W. M. Ariyasinghe

HE 6 Spectroscopy of Sub-keV, Jon-Induced X-Rays Using Si (Li) Detectors.*
R. G. MUSKET, Lawrence Livermore Naticnal Laboratory. (20 min.)

Windowless and ultra-thin windowed Si(Li) de*actors are useful for energy-dispersive spectroscopy of x-rays
with energies above 200 eV. With a few precautions, such detectors are well-suited for analysis of particle-
induced x-ray emissions (PIXE). PIXE has proven useful both as a stand-alone analysis technique and as a
complement to other ion-beam analysis techniques. Properties of the detectors are reviewed with regard to
the limits they impose on detection efficiency, output linearity, energy resolution, and peak shapes. In
addition, considerations related to vacuum requirements, x-ray absorption due to ice and fo various
wmdows ramoval of scattered ions from tha x-ray detector axis, and long-term detector stability are
discussed. Finally, the question of efficiency calibration for sub-keV x-rays is addressed.

*Work was performed under the auspices of the U.S. DOE by Lawrence Livermore National Laboratory
under Contract No. W-7405-Eng-48.

HE7 Resonant Dielectric Excitation. C. R. VANE, Oak Ridge National Laboratory. (20 min.)

SESSION HF: ATOMIC PHYSICS AND RELATED PHENOMENA (STORAGE RINGS)
Wednesday afternoon, 7 November 1990; Union Building, Golden Eagle Suites B and C at 14:00;
J. R. Mowut, North Carelina State University, presiding

HF 1 Results and Perspectives after Two Years of Atomic Physics Experiments at the TSR.

ANDREAS WOLF, Physikalisches Institut de- Universitat, Federal Republic of Germany. (40 min.)

Rasults of the atomic physics experiments at the heavy ion Test Storage Ring (TSR) in
Heldelberg are presented and plans for the next future are discussed. The main fields
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of study are inelastic interactions of highly charged ions with free electrons, laser
cooling and spectroscopy of fast ion beams, and the properties of very cold stored ion
beams, State-selective dielectronic recombination rates and radiative recombination
rates of few-electron heavy ions were measured using the electron cooling device of
the TSR. In partijcular, dielectronic recombination of hydrogen-like ions was measured
for the first time at a high energy resolution. Further studies of inelastic processes
with free electrons and their use for spectroscopic investigations are planned. Using
singly charged Li and Be ions, laser cooling of relativistic ions in a storage ring
was demonstrated for the first time, yielding beam temperatures below 1 XK. Work is
in progress on reaching even lower temperatures. A precision experiment aiming at
tests of special relativity and making use of the low beam temperature is in
preparation. Diagnostic methods for cold ion beams were tested and are being further
developed.

HF 2 Laser Physics with Fast Stored Ions at ASTRID. M. KRISTENSEN,' University of darkus, Denmark. (40 min.)

At the ASTRID storage ring in Aarhus, cold beams of different singly charged ions were
successfully stored at low energies in the spring of 1990. Using beaw-position
monitors and Schottky noise pick-ups a wide spectrum of collective beam-dynamics was
observed. Laser :pec;roscopy was used to probe the velocity distribution and beam
dynamics in a 100keV ' Li' beam. The method offer new possibilities to investigate
intra-beam scattering, debunching and other relaxation phenomena for an ion bean.
After an initial phase of intra-beam relaxation lasting a few hundred nill}ucondl,
it was possible to laser cool the part of the beam present in the metastable °S; state.
Two lasers co- and counterpropagating with the ion beam were used. The bsam energy
and velocity spread of the laser cooled distribution was completely dctorlino? bx the
lasers, and an ion temperature close to the diffusion limit for laser cooling ' Li" was
obtained.

'Tn collaboration with: J.S. Nielsen, P. Shi and O. Poulsen, to be published.

HF 3 Atomic Physics at the IUCF Cooler Storage Ring.* J. A. TANIS, Western Michigan University. (40 min.)

An atomic physics program has been initiated at the Indiana University Cyclotron Facility
utilizing the lon Storage Ring and Electron Cooler. Fundamental atomic processes are
investigated by merging a high velocity (> 0.ic) ion beam with the electron cooling beam. The
intense electron beam (up to ~ 1 A) coupled with the high energy resolution (> 2x10~®) possible
for the ion beam permit the study of processes which were previously difficult or impossible
using conventional crossed- or merged-beam techniques. In our initial effort at IUCF we
investigated dielectronic recombination (DR) for 1s-->nln'l' transitions in He~ + e-
collisions.? This work was done using the storage ring and cooler in a "single-pass” mode,
i.e., the He* ions circled the ring, passed through the electron cooling region, were deflected
by a ring magnet, arnd then collected in a Faraday cup. Events resulting in DR in the 2.8-m
long electron cooler region were detected by observing neutral He atoms which exited through a
0° port. By ramping the relative electron energy, DR maxima were observed for electron
velocities less and greater than the 1on beam velocity, respectively. At zero relative energy,
a4 peak due to radiative recombination was observed between the DR maxima. Because the
measurements were conducted in a single pass mode, the ion beam current was accurately
m.easv..xred, therc_zby giving reliable cross section values. Additional DR studies are planned for
l;xlan:‘:zstznit::;ilhe:mziaxtoir:’se xrfec::isiiaii;;erfox:n:.hcan be a':ade a'vailable at IUCF, and it is also

o ese various ions. Once the DR and radiative

recombination results are unde~stood and calibrated, th i
e d ese results ma
diagnostics for the storage ring and cooler facility.’ Y provide valusble bean

"Sugported in part by the U.S. Department of
Sciences, Division of Chemical Sciences.

*See J. A. Tanis et al., Nucl. Instrum. Meth. Phys. Res. B43, 290 (1989).

Energy, Office of Basic Energy

HF 4_The Experimental Program at the ESR Heavy-Ion Cooler Ring.
T. KUHL, GSI Darmstadt, Federal Republic of Germany. {40 min.)

In apnl of this ycar, operation started of the heavy-ton storage ring ESR'. First electron-cooling of a beam of naked argon ions
was performed by the end of may. The design allows to_store ions from the SIS heavy-ion synchrotron or secondary beams
produced and prepared in an in-flight fregment separator? at energies up to 1 GeV,u. At these energies, uranium ions can be
fully stnpped. Speaific expenmental equipment of the system includes, besides the clectron-cooler section, pick-ups and kickers
for stochastic cooling, an intemal gas target, detectors for charge-changed 1ons, x-ray and optical detectors.! Experiments are
under way to measure the size and encrgy dependence of the electron-cooling force and of charge changing processes in the
cooler, 1e. radiative electron capture and dielectronic recombination, for heavy, ighly charged ions. In addition, a laser system
is set up to study light-induced electron capture and to perform precision optical spectroscopy

1. B. Franzke, Nucl. Insir. & Meth. B24]25,18 (1987)
2. G.Mlnzenierg et al., Proceedings of the First Int. Conf. on Radioactive Beams,

W.D. Myers, J.M. Nitschke and E.B. Norman ed., World Scientific, Singapore 1989, p. 91
3. W. Henning, The Research Program at SIS|ESR, GSI preprint 89-34(1989)
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HF 5§ CRYRING, A Small Synchrotron Storage Ring for Cold Highly Charged Beams.
R. SCHUCH, Manne Siegbahn Institute, Sweden. (40 min.)

SOCIAL HOUR SOCIAL HOUR

Wednesday evening, 7 November 1990 Wednesday evening, 7 November 1990
Union Building, Second Floor at 17:00 Union Building, Second Floor
BANQUET TRAVELING PHYSICS CIRCUS
Wednesday evening, 7 November 1990 ' Wednesday evening, 7 November 1990
University of North Texas Coliseum at 18;30 Physics Building, Room 102 at 21:00
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SESSION IA: SYNCHROTRON RADIATION II .
Thursday morning, 8 November 1999; Union Building, Room 410 at 9:00; K. W. Jones, Brookhaven National Laboratory, presiding

1A 1 Recent Developments at the Synchrotron Radiation Center.*
D. L. HUBER, Synchrotron Radiation Center, University of Wisconsin— Madison, Stoughton. (20 min.)
A

We present an overview of the current status of the Synchrotron Radiation Center. New
beamlines and improvements to the Aladdin storage ring are discussed, and plans for future
insertion devices and accompanying beamlines are highlighted.

" Supported by the National Science Foundation.
1A 2 Research Opportunities at the Advanced Light Sovrce.! A.S. SCHLACHTER, Lawrence Berkeley Laboratory.? (20 min.)

Now under construction at the Lawrence Berkeley Laboratory, the Advanced Light Source (ALS) is a
third-generation synchrotron radiation facility based on a low-emittance, 1.5-GeV electron storage
ring with 10 long straight sections available for insertion devices and, initially, 24 bend-magnet ports.
Undulators will provide high-brightness radiation to photon energies above 2 keV; wiggler and bend-
magnet radiation will extend the spectral coverage with high fluxes to above 10 keV. Research
opportunities when the ALS begins operations as a U.S. Department of Energy national user facility,
now scheduled for the spring of 1993, will be described.

1This work was supported by the Director, Office of Energy Research, Office of Basic Energy Sciences,
Division gf Materials Sciences, of the U.S. Department of Energy under Contract No. DE-AC03-
76SF00098.

2In collaboration with A, L. Robinson, Lawrence Berkeley Laboratory

1A 3 Technological Applications of Synchrotron Radiation at the Synchrotron Radiation Center of the University of Wisconsin.*
E. M. ROWE, Synchrotron Radiation Center, University of Wisconsin— Madison, Stoughton. (20 min.)

The use of synchrotron radiation for fundamental research in a wide range of disciplines
is now well established, world wide. Not so well known are the technologically oriented
programs that are now in progress on Aladdin (1), the 1 GeV electron storage ring at the
Synchrotron Radiation Center of the University of Wisconsin-Madison. We describe three
such programs : X ray lithography, X ray microscopy, and high T, superconductor to normal
conductor junction technology.

*Supported by the National Science Foundation.

1. E.M. Rowe, Proccedings of the Ninth International Coonfere

: nce on the Application of
Accelerators in Rescarch and Industry, Denton, pplication o

TX, November 10-12, 1986, 414.

IA 4 Utilization of a Commercizlly Supplied Synchrotron Radiation Source.
BEN CRATT, Loutsiana State University Center for Advanced Microstructures and Devices, Baton Rouge. (20 min.)

Louisiana State University (LSU) is developing the Center for Advanced Microstructures and Devices' (CAMD) in
Baton Rouge, Louisiana. The centerplece of CAMD will be a 1.2 GeV electron storage ring purchased from Maxwell
Laboratories, Inc.®  The hitech building for CAMD has been designed by TECH-IV of Baton Rouge with engineering
support from Lester B. Knight and Associates of Chicago.  The storags ring has been optimized for X-ray
fithography. The procedures developed at CAMD for printing integrated circuits may well be of significant importance
to U.S. competativeness in semiconductor and related industdes. The spectral range of the rng also suppors
scientific and engineering activities in other areas of research and analysis that may be of industdal intrest.

'B.C. Craft, AM. Findley, G.L. Findley, J.0. Scott, and F.H. Watson, NIM B40/41, 379 (1989).
’R. Sah, “The LSU Electron Storage Ring,” this conference.

IA 5 Survey and Alignment of the Advanced Light Source in Berkeley.® R. KELLER, Laurence Berhelcy Laboratory. (20 min.!

The Advanced Light Source (ALS), now under construction at Lawrence Berkeley Laboratory,
1s a synchrotron radiation source of the third generation designed to produce extremely bright
photon beams in the UV and soft X-ray regions.! Its main accelerator components are a 1 - 1.9
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GeV electron storage ring, a 1.5 GeV booster synchrotron, and a 50 MeV linac. The storage ring
has particularly tight positioning tolerances for lattice magnets and other components to
assure the required operational characteristics. The general survey and alignment concept for
the ALS is based on a network of fixed monuments to which all component positions are
referred.. Measurements include electronic distance measurements and direction sightings
with electronic data capture. Data are processed by a customized version of the computer code
GEONET? which provides raw data reduction, calculation of adjusted coordinates, and error
analysis. Additionally, for local survey tasks the commercial software package ECDS3 is used.
In this paper, the ALS survey and alignment strategy and techniques are presented and
critically discussed; first experiences with alignment of the linac and booster components are
described.

* Work supported by the Director, Office of Energy Research, Office of Basic Energy Sciences,
Material Sciences Division, U.S. Department of Energy, under Contract No. DE-AC03-76SF00098.
11-2 GeV Synchrotron Radiation Source, Conceptual Design Repori, LBL Pub. 5172 Rev.), 1986.

2H, Friedsam, R. Pushor, and R. Ruland, SLAC-PUB-4142, Nov, 1986

3Kern Instruments Inc., Electronic Coordiante Determination System, Instruction Manual, 1986

IA 6 The Louisiana State University Electron Storage Ring.
RICHARD SAH, Brobeck Division, Maxwell Laboratories, Inc., Richmond. (20 min.)

The Brobeck Division of Maxwell Laboratories, Inc., s building an electron storage ring for Louisiana State University (LSU).
This tumkey project, the first storage ring to be built-commercially in the United States, will be focated at the Center for
Advanced Microstructures and Davices' (CAMD) in Baton Rouge. The storage ring system consists of a 1.2 GeV, 400 mA
storage ring and a 200 MeV linac injector, and it wil provide intense beams of x-rays for research in x-ray lithography and
in other areas. The magnet lattice has a Chasman-Green design; and four 3-meter, zero-dispersion straight sections are
incorporated in the storage ring, which has a 55.2-meter circumference. The design phase of the construction project has
besn completed, and major components are being fabricated,

'B.C. Craft, AM. Findley, G.L. Findley, J.D. Scott, and F.H. Watson, Nud!. Instr. and Meth. in Phys. Research, B40/41, 379
(1989)

IA 7 Investigations of Catalysts Using Synchrotron X-Ray Microscopy.* K. W. JONES, Brookhaven National Laboratory. (20 min.)

Synchrotron x-ray microscopy (XRH) is an effective approach to the cheracterization of different types of
catalysts. XRM can be used to measure the spatial distribution of elements in thin sections of catalytic
pellets with spatial resolution of less than 10 microreters and with minimum detection linits around 1 part
per m{llion, In this mode it is complementary to the use of the electron microprobe. XRM can also be used
for computed nicrotomography (CMT) based on x-ray absorption measurements and in some cases on the
detection of fluorescent x rays. These techniques are being used at the Brookhaven National Synchrotron
Light Source X-26 XRM facility to investigate several different types of catalysts. The distribution of
Cr-silica catalyst in polyethylene pellets was investigated using CMT. CMT was also applied to study of
fluid catalysis cracking and hydrotreating catalysts. In the latter cases maps were also made using x-ray

fluorescence to relate the distribution of specific elements to the tomographic linear attenuation
coefficient images.

*Supported by US Department of Energy, Office of Basic Energy Sciences, Chemical Sciences Division,
Contract No. DE-AC02-76CH00016.
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SESSION IB: ATOMIC PHYSICS
Thursday morning, 8 November, 1990; Union Building, Golden Eagle Suite A at 9:00;
G. Basbas, Physical Review Letters, presiding

IB 1 Atomic Physics with the Texas A&M ECR Source.® R. L. WATSON, Cyclotron Institute, Texas A&M University. {20 min.)

An electron-cyclotron-resonance (ECR) ifon source has been constructed to provide highly charged
ions for injection into the K500 superconducting cyclotron. The ECR source is mediunm-sized with
a Sm-Co hexapole surrounding a 13.7 cm diazeter second stage. Hicrowave power for the source is
provided by a 2.0 KW, 14.5 GHz transmitter for the first stage and a 3.25 KW, 6.4 GHz
transcitter for the second stage. The fons are extracted at 10 to 20 KeV/cbarge. An atonic
physics beamline is now connected to the source and is being used extensively for a variety of
experiments ranging from the investigation of charge exchange with gas targets to the study of
x-ray emission following electron capture from solid surfaces.

*Work supported by the Division of Chemical Sciences of the U.S. Department of Energy and the
Robert A. Welch Foundation.

1B 2 Double Excitation of Helium by Fast Protons and Antiprotons.* JACK C. STRATON, Kansas State University. {20 min.}

The charge sensitinity of this two-electron process is investigated as a tool for understanding correlation. The helium
wave functiun 1s appruximated by a sum of pait-products of one-electron wave functions, with the coefficients chosen by
mimmzing the fully correlated two-electron Hamiltonian. Thus, spatial correlation is included in both the asymptotic
and scattenng regns by using these Configuration Interaction (CI) wave functions for initial, intermediate, and final
states. Use of ClI wave fuanctions aiso allows the first-order contributions to be expressed in closed, analytical form.
Both the encrgy-cunserving and energy-nonconserving parts of the second-order awsplitude are found. The former (2
correlated generazauion of the Independent Electron Approximation) is analytical and the latter is a one dimensional
integral. It s fuund that the double excitation cross sections are sensitive to the s.gn of the projectile charge. Comparison
is given with the experimental results of Pedersen and Hvelplund® and Giese et al.?

“Supported by the Division of Chemical Sciences, U.S. Department of Energy.
13.0.P. Pedersen and P. Hvelplund, Phys. Rev. Let. 62, 2373 (1989).
%J. Giese et al., Phys. Rev. (August 1, 1990)

1B 3 Space and Time Correlation in High-Velocity Multiple Electron Transitions.*
J. H. McGUIRE, J. R. Macdonald Laboratory, Kansas State University. (20 min.)

In collisions of high velocity projectiles of charge Z and velocity v, perturbations expansions in Z/v usually converge
when Z/v<1. Under these conditions Z* contributions to cross sections for two electron transitions (e.g. double
excitation) may arise if there is interference between first order and second order contributions to the probability
amplitude. Non-zero Z’ terms in two electron excitation or ionization cross sections occur if spatial electron
correlation is present. For double excitation non-zero Z* contributions require a correlation in time as well. This
ume correlation corresponds to quantum time ordering arising from virtual off-energy-shell intermediate states. As
with second order amplitudes for Thomas singularities in single electron capture, the energy non-conserving amplitude
15 connected to the energy-conserving amplitude in second order in Z by a dispersion relation. Generalization to
higher order transitions (e.g. triple excitation) is discussed.

* Supported by the Division of Chemical Sciences, Office of Basic Energy Science, Office of Energy Research,
U.S. Department of Energy.

IB 4 Secondary Electrons from Charged Particle Collisions with Atoms and Molecules.*
M. E. RUDD, University of Nebraska, Lincoln. (20 min.)

Since a large fraction of the cacrgy transfer in energetic atomic coliisions 1s  the production of secondary electrons,

most of the radiation effects are a result of this process. Therefore, 2 knowledge of the cnergy spectrum (and for

some purposes the angular disinbulion) of secondancs is cruual «n understanding the interaciion of charged particles

with matier. Semi empincal modeis for the differential cross sections for secondary electron production by proton’ |
and clectron simpacl on atoms and moiecuies have been developed which summanze a farge amount of informativn in |
the form of analytical cquations with 2 few paramcters for each target specics.

*Supported by the National Science Foundation. .
'M.E. Rudd, Phys. Rev. A. 38, 6129-6137 (1988). i
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1B 5 Kansa: State Zero Degree RTEA 'speriments.* P. RICHARD, J. R. Macdonald Laboratory, Kansas State Unwersity. (20 nun.)

The (2¢ 2¢7)5*!L resonances formed by resonance excitation in ¢ + Ion (1s) collisions are studied by the Resonant
Transfer and Excitation Auger (RTZA) decay method.” Loosely bound H, Target Electrons observed at zero degrees
in the laboratory frame correspond to 180 elastic scattering in the projectile frame. The ab 4nitio theoretical
calculations of the coherent resonance plus Rutherford elastic scattering cross sections? are compared with the
experimental results, The resonances are observed with a resolution of approximately 1.5 eV, The experimental
Auger decay rates are obtained from the resonance analysis, The (2p?)'D resonance is the dominate resonance in the
Auger decay channel for the cases stud.2d (C**, N%*, O™, and F®*). The results of this experiment are compared
with the ¢ + O”* DR measurements recently performed with the heavy-ion Test Storage Ring in Heidelberg

* Svpported by the Division of Chemica! Sc’ences, Office of Basic Energy Sciences, Office of Energy Rescarch,
U.S. Department of Energy.

* Tn collaboration with: H.I. Hidmi, D.}", Lee, J.M. Sanders, J.L. Shinpaugh, T.J.M. Zouros,** C.P. Bhalla, and
B.D. DePeota.

** Dept. of Fhysics, Univ. of Crete, Iraklion, Crete, Greece.

! T.JM. Zouros, D.H. Lee, P. Richard, J.M. Sanders, J.L. Shinpaugh, S.L. Varghese, K.R. Karim, and C.P, Bhalla,
Phys. Rev. A 49, 6246 (1989); and Phys. Rev. A 42, 678 (1990).

2 'V, Bhalla, Phys. Rev. Letts. 64, 1103 (1990).

3G Kilgus, J. Berge., P. Blatt, M. Grieser, D. Habs, B. Hochadel, E. Jacschke, D. Kramer, R. Neumann, G.
Neureither, W. Ott, D, Schwalm. M. Steck, R. Stokstad, E. Szmola, ard A. Wolf, Phys. Rev. Letts. 64, 737 (1990).

IB 6 Coupled Subshell Description of the L-Shell Youization in Asymmetric Ion-Atom Collisions,
V.ZORAN,* Institute ¢f Atomic Phvsics, Romania. (20 min.)

L-Subshell ionization cross section for cnllisions of Be, C, F, Mg, Si and S ions with
au and Th in the energy range of 0.5-2.5 MeV/U are calculated within a one
(relativistic) electron coupled subshell approximation, and compared with the
experimental data of ref. (1). A fair agreement is obtained once the matrix elements
of the projectile perturbing potential are renormalized to account for the screening
due to the target spectator electrons. The present calculations orovide the first
consistant, 9lmost quantitative description of the direct coulorr. ionization and
vacancy sharing among the L-Subshells during an asymmetric jon-atom collision.

'A. Berinde etal., In Lecture Notes in Physics Vol. 294, Eds D. Berenyi and G. Hock
(Springer, Berlin 1988) P. 107 .

*In Collaboration with: The Authors of (1), in Particular X.C. LeGrand

1B 7 Resonant Transfer and ¥r-~itation (RTE) in a Crystal Channel. K. H. WANSER,* California State Untversity—Fullerton, (20 min.)

We have derived a transition amplitude for resonant transfe